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ABSTRACT 


An algorithm for the application of a special purpose 
minicomputer to the automatic analysis and initial classi- 
fication of EW signals is developed. The minicomputer as- 
sembly language version of this algorithm is presented. A 
FORTRAN program which generates realistic data for signal 
analysis is described. Using the simulated data and an 
instruction level simulation program, the algorithm is 
tested using an IBM 360 computer. Microprogramming tech- 
niques are presented which optimize the minicomputer 


application. 
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I. STATEMENT OF THE PROBLEM 


Electronic Support Measures (ESM) are designed to 
extract information about hostile forces from the electro- 
magnetic environment they create. Since the earliest days 
of radar, there has been a parallel development of equipment, 
techniques and tactics designed to counter the use of radar 
by hostile forces by using the transmitted energy to detect, 
locate and track the hostile force, often without your own 
unit being detected by the searching radar system. 

The current proliferation of radar systems, telemetry 
systems, communications systems and navigation systems which 
all use electromagnetic radiation for operation has created 
a condition of overcrowding of the electromagnetic spectrum. 
More important from the ESM standpoint is that the detec- 
tion of a signal at almost any reasonable frequency is 
assured. What is not assured is being able to detect sig- 
nals which are determined to be of interest in a sufficiently 
timely manner to be of use to the Operational Commander. 

The dense signal environment which exists in world areas 
of interest, coupled with the rapidly decreasing allowable 
reaction times imposed by new and developing weapons 
systems, and the continuous requirement to maintain viable 
capabilities with a shrinking manpower force has imposed 
a requirement for faster, more accurate, automatic classi- 


fication of ESM signals. The development of techniques for 
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their employment in the task of signal analysis in the ESM 
environment. 

To date, the major effort has been to apply digital 
computers to the task of off-line signal analysis and 
specific threat identification problems. What is now 
required is the expansion of these or similar techniques to 
handle the task of routine surveillance over a wide fre- 
quency range, filtering received information for interest, 
determination of the parameters of received signals, 
initial classification and threat evaluation, and display 
Lean Operator or output to a remote location. All of 
this has to occur in real time with a high probability of 
developing correct information. It is felt that such a 
system may be feasibie if it is designed taking advantage 
of the rapid data handling capability of digital computer 


systems specifically designed for this application. 
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II. CONCEPTUAL SYSTEM DESIGN 


A. SYSTEM OPERATIONAL REQUIREMENTS 

A system designed to fulfill the needs of automatic ESM 
surveillance classification and threat analysis has the 
following characteristics for effective performance. 

a. Broad frequency range. 

b. Simultaneous reception of all frequencies within 
the frequency range. 

c. Means of determining received signal characteris- 
tics within a reasonable accuracy. 

d. Ability to operate successfully in dense environ- 
ments with tens or hundreds of thousands of pulses per 
second being received. 

e. Ability to associate received pulses and other 
forms of radiation into pulse trains or other forms for 
identification and analysis. 

f. Means of determining the bearing of the received 
energy to within acceptable accuracy. 

g. Accurate means of identifying signals as to class 
and probable source. 

oi. High probabiirty ‘of iitercept’. 


20, bow false alarm rate: 


B. SYSTEM COMPONENTS 
Conceptually such a system could be assembled using a 


series of Instantaneous Frequency Measurement (IFM) receivers 
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that would cover the frequency bands of interest. The out- 
puts of these receivers would be applied to small special 
purpose digital computers which would perform the initial 
information filtering task of creating a data set of the 
parameters of all of the received pulse trains and exclude 
from further processing those signals which are obviously 
of no interest to the tactical environment. Information 
thus derived is then to be passed to a second computer 
system at considerably lower data rates which will allow 
detailed analysis of signals, final classification tasks 
and automatic threat evaluation. | 
Detailed design of an entire system such as that des- 


cribed is beyond the scope of this thesis. The problem 


the IFM and the associated digital computer and the infor- 


mation filtering task it.is required,.to do. 


C. SPECIFIC SUBSYSTEM DESIGN ANALYSIS 

The specific design problem analyzed herein is stated 
as follows. 

Given an IFM receiver with an omnidirectional antenna 
and reasonable sensitivity and probability of detection at 
all frequencies within its band width, analyze the feasi- 
bility of providing a special purpose digital computer that 
will accept all information developed by the IFM and provide 
as real-time outputs the frequency, pulse width, pulse 
repetition interval, scan type and-the time of last 


intercept... 
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IIL. COMPUTER SELECTION FOR PURPOSES 
OF FEASTBILITY ANALYSIS 
To complete the analysis of the feasibility of the auto- 
matic IFM system, it was desirable to actually encode and 
Simulate the operation of the system using an existing com- 
puter instruction set. _It was also of interest to determine 
the required execution times, pinpoint improvements to the 
basic algorithm, establish required additional 'special 
case' instructions which could improve the efficiency of 
execution, and establish desirable hardware arrangements 
which would enhance the overall operation of the computer. 
Through the experience of operating a simulation program 
and the test of various software and hardware techniques, 
the detailed specifications for a special purpose computer 
Can be determined. This computer would be specifically 
designed and optimized for the demanding high data rates 
anticipated. Investigation disclosed the existence of a 
small high speed special purpose computer produced by 
Applied Technology Corporation (ATI) in Sunnyvale, Califor- 
Nia. This computer is designated as the Applied Technology 
Airborne Computer (ATAC) and is a 16 bit fixed point 2's 
complement machine. A number of unique features of this 
computer made it an obvious choice for this study. The 
general computer characteristics and these special features 
are summarized below. Further detailed information is 
available in ATAC, Applied Technology Airborne Computer, 
fons ky Principles of Operation. 
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1. 16-bit instruction word length with a 437 nanosecond 
major cycle time. 

Zt. puxtecn ceperal regasters, 

3. Four basic instruction addressing modes with three 
supplemental modes allowing a wide range of direct, indexed 
and immediate execution instructions. 

4. Asynchronous memory with provisions of up to 4 
Direct Memory Access channels. 

5. Memory types can be mixed in any combination of Read 
Only Memories (ROM), Bipolar Ramdom Access Memories (RAM), 
Read Mostly Memories (RMM) and slower core memory devices. 

6. Iwelve main priority interrupts. 

7. 16-bit parallel input/output operations. 

8. Extremely small size and power requirements: 6 
pounds, 115 cubic inches, and a power consumption of 
approximately 70 watts for a nominal configuration. 

9. An existing software support package designated as 
the ATAC Programming Support System (APSS). 

10. Microprogrammed instruction set allowing ease of 
modification of the instruction set within the hardware 
limitations of the machine. 

11. Computer assisted hardware design and fabrication 
allowing relative ease and speed of modification of the 
hardware configuration (within limits) to permit optimiza- 
tion of the computer for specific applications. 

The features listed under 9, 10 and 11 are the essential 


features required for this feasibility study. As the basic 
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speed, memory configuration and programming flexibility 


required are provided by the existing ATAC, arrangements 


were made with ATI to allow use of portions of the APSS for 


this effort. 


A.  ATAC PROGRAMMING SUPPORT PACKAGE (APSS). 


APSS is a computer simulation program designed and pro- 


grammed for use on IBM 360/370 series Operating Systems. 


The complete package consists of the following items. 


Volume 1 - 


Volume 2 - 


ATAC BASIC PRINCIPLES OF OPERATION 

This document describes the basic ATAC machine 
characteristics and the instruction set’. 

ATAC PROGRAMMING SUPPORT SYSTEM (APSS) 

APSS is the support software system for ATAC 
which allows preparation and debugging of 
programs via an IBM 360/370 computer system. 
The documents in this volume describe how to 
set up and use the APSS system and includes 
publications describing the PL/ATAC Compiler, 


Assembler, Loader Simulator and microprogramming 


facrlaties. 

Section I - APSS Job Management 

Section II - PL/ATAC Compiler 

Section, ITT - APSS Assembler/Loader 

Section IV - APSS. Instruction-Level Simulator 
Section V - APSS Microprogramming Software 
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Volume 3 - ATAC SYSTEM DIAGNOSTIC PROGRAMS 
This document summarizes the use of ATAC's 
Diagnostic programs for instruction test, I/0 
test; interrupt’ system checkout, and condition 
Code™ test: 

Volume 4 - ATAC CIRCUIT BOARD TEST PROGRAMS 
This document summarizes the ATAC circuit board 
tést ‘procedures. 

Volume 5 - ATAC OPERATOR'S GUIDE 
Procedures for the operation of an ATAC 
computer are described in this document. 

Volume 6 - ATAC 16A MICROPROGRAMMING AND SIMULATION 
Procedures for developing microprograms for 


the ATAC LOA central processing unit. 


The portions of APSS utilized for this study are listed 
below. Other volumes were not required but their existence 
is noted. Future efforts in the development of specifica- 
tions for a special purpose computer should be made with 
the knowledge that such systems exist. The advantages 
accrued by having a computing system specifically tailored 
to the task at hand are self evident. Additional flexi- 
bility is provided through the use of microprogramming in 
that a completely different instruction set can be defined 
by replacing the microprogram Read Only Memory allowing 
the same basic machine to be optimized for several different 
tasks and reconfigured by changing a small inexpensive 


module. 
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Volume 1 - ATAC BASIC PRINCIPLES OF OPERATION 
Volume 2 - ATAC PROGRAMMING SUPPORT SYSTEM (APSS) 
Section I APSS Job Management 
Section III APSS Assembler/Loader 
Section IV APSS Instruction Level Simulator 
The APSS Instruction Level Simulation Program is 
currently a resident program on the IBM 360/67 at the Naval 
Postgraduate School. Details concerning the implementation 
of the program are contained in Appendix A. Details con- 


cerning its use are contained in Appendix B., 
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FV> “THE IFM DIGITAL PROCESSOR 


The initial design concept for the interface between the 
IFM and the special purpose digital computer is a common 
memory storage area to which both units have Direct Memory 
Access on a non-interrupt basis. The data to be passed 
between the IFM and the computer consists of the frequency, 
pulse width and time of arrival of all received signals. 
Using this information, the computer can classify signals 
as pulsed type radar signals based on the indicated pulse 
width. Further analysis is conducted by establishing 
initial pulse files segregated by frequency and ordered by 
the sequence in which they were received. An estimate of 
the PRI is made by averaging the time between the arrival 
of adjacent pulses in the file. Small variations in the 
PRI estimate are treated as noise. Large variations in the 
time between pulses are considered caused by antenna scan 
EN@racteristics. Variations between these extremes are 
considered due to the superposition of multiple pulse 
trains or due to a complex PRI 'jitter' imposed on the 
emitter. Variations due to noise and antenna scan are 
handled internally. Variations due to interleaved pulse 
trains and complex jitter patterns are signalled and further 
analysis of these cases is handled by the main classifica- 
tion computer. The design calls for the special purpose 
IFM computer to output the following information for each 


pulse train received. 
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a. Frequency 

b. Pulse width within limits, the value 

c. Pulse width out of limits, a designation 

d. Stable PRI, the value 

e. Unstable PRI, a designation 

f. Antenna scan time 
Time of last update 

h. OWWhen ordered; "a pulse “train"of ‘speciired “lenpth*to 
be used for analysis of complex signals by the main 


classification computer. 


A. TIME ENCODING 

Determination of the pulse width and the time of arrival 
requires a digital clocking system whose output is directly 
translatable into real time. For purposes of analysis it is 
assumed that when the IFM threshhold is exceeded in a 
specific frequency band, the current value of the clock is 
loaded into the time of arrival words. Simultaneously the 
pulse width word is cleared and then incremented at the 
clock rate. When the pulse energy ceases, the pulse width 
word contains the pulse width scaled by the clock rate. 

Dhe telLochk consists of a 40 bit counter. The clock’ rate 
is 10 Megahertz. This corresponds to a least significant 
bit value for ‘pulse width of 0.1 microseconds. The pulse 
width word consists of bits 0-15 of the counter which 
allows representation of pulse widths of up to 6.5 milli- 


seconds treating the most significant bit as a magnitude 
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instead of a sign bit. The time of arrival double precision 
word consists of bits 8-39. This corresponds to a least 
Significant bit value of 25.6 microseconds. The maximum 
clock time (time to overflow) is 15.3 hours. The most 
Significant: bit of the: clock is treated as a sign bit to 
allow detection of the data out of sequence condition. 
Accuracy is determined by the stability of the basic 
clock oscillator. Measurement is made to-within 0.05 micro- 
seconds for pulse width and to within 12.8 microseconds 


for PRI. 


B. THE COMMON MEMORY BLOCK 

The common memory block is used as a large buffer to 
match the differing data rate handling capability of the 
IFM and the computer. For purposes cf analysis, it is 
assumed that the IFM can respond and prepare a series of 
four data words in the times achievable using TTL logic 
Gareuatry. thas allows the [FM to load the double pre- 
cision words for time of arrival and the word for frequency 
f'rst, the word for pulse width as soon as the pulse has 
completely been received and accomplish the entire transfer 
of the four words in approximately 3 microseconds or the 
pulse width of the received signal + 0.5 microseconds which 
oe is longer. For signals with pulse widths of less than 
3 microseconds, the IFM data will have a maximum burst rate 
of approximately 300 KHZ. 

Simulations conducted using the algorithm described in 


Chapter IV indicate the average time required for the computer 
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to process each received pulse including read and write 
times is approximately 45 microseconds with improvement to 
35-40 microseconds considered readily possible. This 
corresponds to a maximum average data rate of approximately 
22,000 pulses per second. 

The IFM loads data words into the common memory block 
sequentially starting from the '0' location and wraps around 
when the block is full. Also starting from the '0' location, 
the computer accesses the data words and associates them with 
the appropriate pulse train and then accesses the next word. 
The size of the buffer establishes the length of the time 
that transitory high data rates can be sustained by the 
system before the. computer is '‘lapped' by the IFM input. 

In this case, the computer is always accessing the most 
recent data set and the information stored by the IFM pre- 
Viously is lost. When the data rate decreases, it may 
become possible for the computer to catch up to the IFM to 
remove the lap condition. In this case, the data read by 
the computer will be out of sequence and will be discarded. 

Pulse information is stored in the common memory block 
in a Series of four words per pulse. These words are 
defined as follows. 

a. Frequency. Frequency is represented by an integer 
corresponding to the frequency bin in which the detection 
eccurs: 

b. Pulse width. The pulse width is represented by an 


integer which is a scaled time value. 
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c. Time of arrival. Time of arrival is expressed as a 
double precision integer, the lower half of which is the 
third word, the upper half the fourth word. 

The computer can keep track of the existence of new 
data in the word block associated with an individual pulse 
by resetting the frequency word to 0 after it is read. By 
testing the frequency word, the computer establishes whether 
the IFM has loaded new data since its last look at this 
location. 

By making the IFM output and the computer input com- 
pletely independent and asynchronous in operation, timing 
and interrupt communications, with their high time overhead 


costs are avoided. 


C. THE IFM COMPUTER ALGORITHM 

An algorithm has been developed which defines the oper- 
ations required to develop pulse trains and extract PRI 
information from the IFM output data. This algorithm 
causes the computer to read a memory location and determine 
if data is available. If the data is available, the fre- 
quency word is used as a relative address to enter a file 
which provides linking information for the pulse train 
files developed for that frequency. This file data word is 
utilized as two half words. The lower half is used as a 
pulse train file pointer. The upper half is used as a 
pointer for an overflow storage area in the event there are 


two or more pulse trains associated with a given frequency. 
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The primary means of pulse train association is by frequency 
discrimination. 

ihe, pulse. train file pointer.is used as a relative 
address for entry imto a. contact file entry table. The 
table entry corresponding to the pulse train file pointer 
contains two words. The first word contains the frequency 
of the pulse train for cross reference purposes. The second 
word contains the absolute entry address of the actual file. 

the pudse train file 1s used both to accumulate data for 
calculation of parameters and to provide output information 
to the main classification computer by using Direct Memory 
Access techniques. The file is a block of 64 memory loca- 
tions which are treated as 16 four word groups. This allows 
storing information on 16 consecutive pulses which are used 
to develop an estimate of the PRI. Before 16 pulses have 
been received, the file is said to be building. After 16 
pulses have been received and the PRI estimated, the file 
iS said to, be closed. If no current pulse information is 
eemecaned an the file, it 15 said to be empty... The distinc- 
tion is required because the contents of the words of the 
file have different meanings for the different cases. The 
contents of the file words are described below. The choice 
of 16 pulses used for PRI determination is arbitrary and 
additional testing and evaluation is required to determine 
the optimum number of pulses considering detection proba- 
bilities, normal antenna scan rates, false alarm rates, and 


Simulation and operational experiences. 
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1, Fale "building. 
a. Word 1. Pulse width of the initial pulse 


detected when the pulse train file was established. 

b. Word 2. Counter indicating the number of 
pulses Stored “im nis file. The counter counts from -16 
te. .0'. 

e.* Word Ss, 4. “Double precision time of arrival 
of the first pulse. 

ae Word 5. Pulse width of the, second pulse. 

e. Word 6. Time difference between the arrival of 
the second pulse and the first. 

Pr wWord 7°. "Double precisron Cime Of arrival o£ 
the second pulse. 

g. Succeeding groups of. 4 words are arranged in a 
Similar fashion with the second word of the group containing 
the time interval between the pulse and the one preceding 
it. 

ZY File’ closed. 

a. Word 1. Average pulse width of the file. 

be’ Word-2.°°A positive integer represents the 
average PRI. If the location contains a zero, a stable PRI 
cannot be determined. 

ce. Word 3, 4. Double precision time of last infor- 


mation update. 
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deanaNerd nS, 6. Double precision time of arrival of 
the first pulse of the latest consecutive group of pulses to 
be received. 

e.. Word 6, 7. Double precision antenna scan rate. 

5. | File empty. 

The file empty condition is indicated by the first 
womd: oe itheijcontactifile, entry file being zero. The con- 
tents of the pulse train file should We considered as being 
unspecified. 

The scheme of using the frequency as a relative 
entry address to the frequency file, using the data contained 
in the frequency file as an entry into a contact file and 
using the data contained in the contact file to provide the 
attuals address of the: pulse train’ file. as required to main- 
tain pulse train files without the requirement to have a 
separate pulse train file for every possible combination of 
frequency and pulse width. A total of 64 pulse train files 
can be established and maintained simultaneously in the 
current configuration. 

In the event that two pulse trains of differing pulse 
widths are received in the same frequency bin, provision 
has been made to discriminate these signals by pulse width 
and establish and maintain separate files on these signals. 
If interleaved pulse trains of nearly equal pulse widths 
are received on the same frequency, the algorithm will con- 
sider the pulse train as having a complex PRI and enter a 


zero in the PRI word. The main classification computer can 
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then designate the requirement to establish a file of 
sufficient length to collect enough pulses for analysis by 
inserting the required number of pulses into the PRI word. 
After filling 60 of the 64 assigned locations for the pulse 
train file, the remainder of the long file is inserted into 
an overflow section of memory. Words 61-64 are used to pro- 
vide linking information. 

Calculation of the PRI after 16 pulses have Hiden! Meewired 
is accomplished by averaging the time interval between pul- 
ses. Sixteen pulses are contained in the pulse file and the 
seventeenth pulse 'to arrive causes the start of this calcu- 
lation to provide 16 time intervals for the averaging. The 
intervals are treated in reverse order of their appearance. 
The latest interval is treated as a standard and the pre- 
vious interval is compared with it. If the two intervals 
are not nearly equal, the condition of one being nearly 
equal to a multiple of the other is check for multiples up 
to 4. If this condition is met, both intervals are made 
equal to the smaller interval and their sum is accumulated. 
If the condition is not met, both intervals are still made 
equal to the smaller interval (the longer interval discarded) 
their sum accumulated and a discard counter is incremented. 
The process is repeated with the other time of arrival 
increments in the file until all 16 intervals have been 
summed or until the discard counter reaches 4. If 4 pulses 
are discarded, the PRI is considered unstable and a zero is 


inserted into the PRI word. If all 16 pulse intervals are 
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summed, the resulting sum is divided by 16 (shifted right 
4 bits) and the result inserted into the PRI word. Con- 
currently, the pulse widths are also summed to calculate 
the average pulse width of the file in a similar manner. 
After the file has been closed, succeeding pulses 
received are utilized to,upecte, the, cata in the file; If a 
received pulse width is within limits of the file pulse 
width, it is compared with the file pulse width to determine 
its relative'srze, dt the new one is smaller, a-1 is sub= 
tracted fromthe file pulse width. li darter. ass 1s 
added. This feature ensures that long term drifts in the 
parameter value can be tracked. If a PRI has been established 
for the file, and the time interval between succeeding pulses 
exceéds established limits, the new pulse is considered to 
have established simple antenna scan parameters and an 
anetnna scan rate estimate is calculated. 
The IFM computer algorithm is shown in flow chart form 


in. Figure. 1. 
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Figure 1. THE IFM DIGITAL PROCESSOR ALGORITHM 
(SIMPLIFIED FLOW CHART) 
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V.. DATA SIMULATION PROGRAM (DSP) 


The DSP was written by the author to provide a relatively 
realistic input data environment to the ATAC Simulater. The 
program was written well before the ATAC Simulater became 
available and includes many features which are not useful in 
its current application. 

The DSP provides simulated signal levels arriving at an 
IFM receiver in a dynamic environment. Input data provides 
initial set up positions for the IFM and up to 10 emitter 
platforms. The IFM and all of the 10 platforms are given 
courses and speeds which are used to update their positions 
as the simulation proceeds. Each platform may have up to 5 
emitters on board of any specified frequency, PRI, PW, 
anetnna scan, antenna gain, and antenna beam width. The 
program establishes the initial antenna position by using a 
uniformly distributed random variable, updates the antenna 
position, calculates the signal strength of each transmitted 
pulse when received by the IFM and outputs those pulses 
which are above the specified threshold sensitivity of the 
IFM. The output consists of the time sequence of pulses 
received by the IFM including the frequency, pulse width, 
time of arrival, bearing and signal strength. 

The data used by the ATAC Simulater consists of four 
integers for each pulse. These words are: 

1. Frequency bin. The bins are’ numbered in ascending 


order of frequency from 1-128 although the only restriction 
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is that there has to be less than a total of 255. bins, £op; 
the current ATAC Simulater program andthe 0 bin cannot be 
used as it is used by ATAC to signal a no data state. 

Z. Pulse width. The pulse width word is an integer in 
the range 0-65,535. Any time scaling factor may be used. 
The current convention adopted is that the integer 1 cor- 
responds to a time interval of 0.1 microseconds. This 
allows representation of any pulse width from 0-6.5 milli- 
seconds to within 0.05 microseconds. 

3. Time of arrival. Time of arrival is expressed as a 
double precision .(32+bit)) ,integer,$ Word .<3 jis the. least 
Significant half of this enteger and holds time values up 
to 0.84 seconds with the least significant bit corresponding 
fOt2526 microseconds . 

4. Time of arrival. The upper half of the time word 
holds time values up to 15.3 hours. This clock update 
rate and time measurement accuracy is considered adequate 
for contact analysis and PRI measurements. 

The DSP generates data in the above format at a rate of 


approximately 200 pulses per second. 


B. PRINCIPLES OF OPERATION 

i.. Position information. All position information is 
initially supplied in. .X-Y grid coordinates in nautical -miles. 
Velocities are input in knots and direction of travel in 
degrees clockwise from North. The DSP converts this infor- 


mation to X-Y coordinates in yards relative to the IFM and 
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relative velocity components in the X and Y directions in 
yards per second. The relative velocity., Closest Point..of 
Approach (CPA) and distance to CPA is calculated for all 
platforms. 

2. Emitter input data consists of the transmit frequency 
in MHZ, pulse width in microseconds, PRI in milliseconds, 
transmitted power in KW, antenna gain in db, antenna beam 
width in degrees and antenna scan rate in seconds per revo- 
iution... DSP) converts, all input units. (to common,units for 
computation. 

3. IFM input data consists of the maximum and minimum 
frequencies of its pass band in MHZ, the minimum measurement 
time of the IFM in microseconds and the threshhold sensiti- 
vity in db. 

DSPwutalizes. the, input data.)to, calculate the, received 
signal strength for each emitter as a function of range and 
the angle between the emitters antenna and the IFM platform. 
The maximum range of detection assuming maximum antenna gain 
is calculated and compared with the initial range and the 
CPA to determine when the emitter will come within range of 
the IFM, if ever. The pulse repetition cycle and antenna 
initial angle are assigned by assuming a uniform distribu- 
tion of starting positions in these cycles and accessing a 
uniform distribution random number generator. When the 
emitter is within range, the portions of the antenna scan 
cycle that the antenna gain is high enough to allow detec- 


tion are calculated. 
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On the basis of the above calculations, DSP stores the 
fame OL arrival at-the IFM, counting transit times, for the 
first pulse of each emitter which will be received with a 
Signal strength equal to or greater than the receiver 
sensitivity. These times are stored in an array which is 
then searched to find the next occurring time of arrival. 
As each pulse time of arrival becomes the next in the 
sequence of the receiver pulse train, DSP calculates the 
time of arrival of the next pulse from that emitter and 
stores that time in the array. Each time update continues 
to consider the transit antenna scan and the relative 
motion between the IFM and the emitter platform. 

The DSP currently models the IFM with a 100% probability 
of detection of all pulses arriving with signal strengths 
equal to or greater than the threshhold sensitivity. 
Additional coding can readily be added to provide a less 
than perfect detection scheme, false alarms, and an IFM 
directional antenna. 

The DSP has been provided with selection indicators for 
selecting random variations to all emitter parameters. Cod- 
ing has not been included to accomplish any such variation 
but can be readily added. 

The DSP currently includes only’ two options for the 
emitter antenna scan type--steady and circular scans. Cod- 
ing for additional scans can also be readily added. 

The overall flow diagram for the DSP is shown in 


Figure 2. 
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Data Simulation Program Flow Chart 
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VI. OPTIMIZATION OF THE IFM DIGITAL PROCESSOR 


The ATAC Assembly Language program listed in Appendix C 
and described in detail in Appendix D is written using the 
- supplied instruction set. The major advantage of a micro- 
programmed computer is that ohe instruction set can be 
tailored for optimum efficiency in.execution of a specific 
algorithm. Two primary results of this optimization are the 
saving of instruction fetch times when a series of instruc- 
tions are microcoded and the time savings realized by 
performing operations simultaneously when the data paths do 
not overlap. Modifications to the instruction set are 
constrained only by the hardware configuration of the 
computer and the programmer's imagination. 

In addition to the time savings associated with modify- 
ing the instruction set additional benefits can be accrued 
by modifying the hardware to allow simultaneous input and 
output operations, buffering the memory interfaces with 
high speed registers and instruction interleaving techniques. 

Modifications of both microcode and computer hardware 
can be tested and evaluated by using the APSS Microprogran- 
ming Software. By simulating the desired microcode sequences, 
debugging and optimization efforts can be expended before a 


commitment to actual design change is made. 
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A. MICROCODE SEQUENCES 

Series of instructions which are shown to use a large 
percentage of the execution time of the program should be 
examined for microcoding first. The time expended by each 
instruction is output by the APSS Instruction Level Simula- 
tor in the form of a time histogram. An example of this 
histogram is shown in Appendix D. This histogram shows that 
the two instructions which use the most time during the 
execution of the program are the store data and load new 
data instructions. The program sequence which Utiiazes 
these instructions is required for every input pulse and 


is listed below. 


Instruction Purpose Execution Time 
(microseconds) 

STK ODR,8,4 Store data 3< 5 

BRCS U,TOP Branch to beginning ~B 750 

ADD IS,0,4 Increment address ~4375 

BEL DR, 0.4 Fetch new data Su 0 

LDR R551 Move frequency word 4375 

BRCS Z,TOP Tést for presence of data ~4375 

DOR Loe. 0 Puc 0 i repisver \% KES) S) 


SiR” RX. ,/0) 5c: Store’ a 0 an the data block 1'5625 
ADD 1S,0,4 Reset address pointer ©4375 
LDR” DX, 6,7, EF, 5 Fetch frequency file entry 1.3125 
BRCS Z,STARI1 Yest for a pulse train file '.4375 

Total time expended VR ELZS 
The average time expended per input data set during 


Simulation runs was 45 microseconds. It is seen that 303 
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of this time is spent in the store/fetch phase. This 
sequence placed in microcode would save an initial 4.3 
microseconds in instruction fetch times. Additional 
savings are possible by the simultaneous incrementing of 
the address registers and simultaneous input and output 
operations as the input data and output data are using 
independent segments of memory. It is estimated that the 
execution time of the microcoded sequence would be approx- 
imately 6 microseconds which reduces the program execution 
time per pulse to approximately 40 microseconds. Additional 
microcode sequences can be developed, especially for the 
routine update data section of the program. A time saving 
of 30% is probable. | 

Using the technique of microcoding instruction sequences 
and optimizing the microprogram data flow, the average time 
per pulse can be reduced to 25 to 30 microseconds. This 
step alone increases the average pulse density capability 


of the system to 33K -40K pulses per second. 


B. HARDWARE MODIFICATION 

the time required te access and store the data can be 
reduced by a factor of four by altering the means of storing 
it. If the data is stored in four independent memory 
modules, parallel transfer of the four words is possible. 
A hardware modification is required to allow the computer 
to load four registers in parallel by supplying the addi- 


tional data paths required. 
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Supplying an input data buffer and an output data buffer 
each of four words would allow loading the input buffer 
during execution of instruction sequences in the middle of 
the loop and then loading the working registers in parallel 
in one major cycle. For storing data, the buffer can be 
loaded in parallel in one major cycle and the data stored 
in memory from the buffer. during execution of the remainder 
of the program. If two buffers are provided both the fetch 
and store operations can be conducted simultaneously. From 
the program's point of view, the execution time required for 
the 13.8 microsecond sequence of V.A above becomes .4375 


microseconds. 
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VII. FEASIBILITY ANALYSIS OF THE IFM DIGITAL PROCESSOR 


Computer simulation of the IFM digital processor has 
been conducted. The algorithm presented in Chapter III was 
coded in ATAC Assembly language. The resultant program is 
described in Appendices C and D. The Data Simulation Pro- 
gram (DSP) was used to provide a realistic environment of 
received pulses in order to test the concepts presented in 
Chapters TDand) JIL. Sufficient time was not available 
to conduct simulation runs to test all conditions and to 
develop more than an initial evaluation of the concept's 
viability. A summary of results obtained, conclusions and 


recommendations for further study are included below. 


A. SUMMARY OF RESULTS 

The ATAC computer was modelled as provided for in the 
APSS Instruction Level Simulator using the program de- 
scribed in detail in Appendix C. Due to limitations imposed 
by the Simulator, data was inserted into the ATAC construc- 
tive memory prior to the beginning of simulation. The data 
was prepared by the Data Simulation Program described in 
detail in Appendix D. A total of 1024 radar pulses were 
utilized in order to check on the accuracy of pulse train 
building, the development of PRI information and the average 
time required to handle each pulse. The results of the 
Simulation were the completely accurate discrimination of 


pulses by frequency and pulse width and the calculation of 
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the Gorrect \PRivin tallicasesic Thehtotal time; required*for 


the ATAC to process 1024 pulses was 0.046 seconds or an 


average of 45 microseconds per pulse. 


summarized in the table below. 


Simulation input data. 
Number of radar emitters 
Total number of pulses utilized 


Total real time simulated 


Simulation results. 
Accuracy of pulse association 
Total ATAC simulated computer time 
Average time per pulse 


Maximum average data rate possible 


B. CONCLUSIONS 


The results are 


9 

1024 
0.1568 sec 
100% 

0.046 sec 


45 microsec 


22,000 pps 


The simulation was conducted with stable pulse widths 


gud PRI.” Even So, on the basis of the results of *the simu- 


lation and on the information contained inChapter V, it is 


feasible to construct a system capable of significant amounts 


of automatic signal classification in a high density environ- 


ment with the average rate of information in the bandwidth 


of an IFM in the range of 25K to 50K pulses per second. 


~C. RECOMMENDATIONS 


Based on the results of this study, the following recom- 


mendations for further study are submitted. 
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1. Continue simulating the high density environment aan 
the programs listed in Appendices C and D adding to the 
complexity of the input data in order to determine the opti- 
mum algorithm for the solution of the problem. 

Zz. Use the results of the simulations. to develop 
additional special purpose instructions which optimize exe- 
cution of the programmed algorithm. 

3. Use the results of ‘the simulations to develop 
desirable hardware reconfigurations which will optimize the 
execution of the programmed algorithm. 

4. Use the features provided in APSS to test and evalu- 
ate the newly developed hardware configuration and instruc- 
ELpmM Set. 

5. Expand the basic’ procedures outlined herein to other 
fields that encounter high data rates and require automatic 
data processing. Examples are radar systems, communications 
systems and sonar systems. The desirability of specifically 
designed processing equipment has been demonstrated. 

Current technology is producing these processors which 
eliminate the processing time and price penalties paid when 


utilizing general purpose digital computers. 
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APPENDIX A 


INSTALLATION OF THE ATAC PROGRAMMING SUPPORT SYSTEM (APSS) 
AT THE NAVAL POSTGRADUATE SCHOOL 


--The ATAC Programming Support System operates on a local 
or remote IBM 360/370... 
ATAC Principles of Operation (Volume 1) 
--If something can possibly go wrong, it will... 
Murphy's First Law of Dynamics 
A. Installation of the ATAC Programming Support System on 
the IBM 360/67 Operating System at the Naval Postgraduate 
School by the author was required in order to allow pro- 
gramming of algorithms in an actual representative machine 
assembly language and to determine execution times and over- 
load points for the algorithm/computer team in an EW 
environment. After negotiations with ATI Corporation, 
arrangements were made for a tape copy of the portions cf 
APSS required to conduct instruction level simulations. 
This tape was received on 10 May 1974. The ensuing events 
are presented as an example of interfacing problems that 
can be encountered. Problems encountered during the program 
implementation are listed in the order of their occurrance 
Betong with the corrective action taken. 
Lai Tape density... 
a. The original tape was prepared by ATI using a 


remote terminal to an IBM 370 installation. This tape was 
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taken to NPS by the author and an attempt was made to copy 
from the tape. The tape simply ran out indicating that the 
Operating System was unable to find any of the specified 
files on the tape. A utility program 'TAPEOUT' was used to 
determine what, if anything was on the tape. According to 
the utility program output there was nothing understandable 
recorded on the tape at all. A belated investigation of the 
JCL instructions “that produced the tape revealed that it 

had been prepared on a dual density tape unit and recorded 
mith ahdensity cof «1600 bbitsypperiinch. (*The installation at 
NPS does not support recording densities of greater than 800 
bpi. 

b. Corrective action. A second tape was generated 
by ATI specifically recorded at 800 bpi. This tape was 
picked up by the author on 14 May 1974. 

2. Block length. 

a. Files 1 and 2 of the new tape were successfully 
read by the NPS computer. These files contained instruc- 
tions on how to access File 3 which contained the Instruction 
Level Simulator in object module form. The required steps 
were: 

1) Copy the object modules from the tape onto 
a direct access storage device such as a disk pack. 

2) Build an absolute load module by providing 
local linking data between the various portions of the pro- 
gram contained in the object modules. In object module 


form, the program consists of a group of subroutines which 
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are stored with instruction and data locations specified 
as relative to the individual subroutines start point. 
Building a load module orders these individual sub programs 
and establishes a common relative base address so that when 
this entry point is specified (when loading the program for 
execution) the instruction sequence proceeds as originally 
designed, including linking between these sub programs. 
3) Load and execute the APSS Simulator. 

Step 1 was accomplished. However, when attempting to 
access the file created by copying the tape, the computer 
Mo undue Go Wweentity the contents of the file and returned 
the error message 'Permanent I/O Error on Attempting to read 
File Headings'.~ Investigation indicated that’ this’ could ‘be 
caused by an incompatible block length of the original 
object modules. Due to size limitations and buffering ‘con- 
Siderations, records (data) transferred by computers are 
organized into blocks of data. These blocks are identified 
by length and where the next sequential block of data is to 
be found. To make sense to a computer, when the data con- 
Sists of an executable program, it must be reassembled with 
the same block structure in the proper alignment that it had 
when the program was assembled. Investigation revealed that 
the original assembly of the program was conducted using a 
3330 disk pack and was created with a block length of 13K 
bytes. The maximum block length supportable at NPS is 7K 


bytes using a 2314 disk pack. This meant that the NPS 
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computer could not find the beginning of the second and sub- 
sequent data blocks containing the program. 

b. Corrective action. When finally diagnosed, 
this problem was corrected by specifying a track overflow 
Option. This option allows data blocks. to 'spill over' onto 
adjacent tracks .of the 2314 disk pack... Use of this feature 
is dangerous in that the data overflows onto the adjacent 
track no matter who the adjacent track belongs to or what 
it contains. This requires using a disk pack with enough 
room on it so that the entire program can be assigned 
contiguous tracks. 

Ss. itneonpatible instructions. 

a. By using the track overflow option, the program 
was successfully copied into temporary direct access storage 
and a load module was created using standard IBM supplied 
merhity programs. At this point the program was in execut- 
able form. The first attempt to use the program was made 
using a bench mark program supplied by ATI which was to be 
used to ensure proper operation. When this program was 
loaded, the object deck was assembled properly. However, 
when the simulation itself was attempted, the NPS computer 
promptly quit and listed an error message which in idiomatic 
translation means 'I don't understand what you are telling 
me £O do and so I quit'. A dump of the core locations con- 
taining the offending instruction revealed the presence of 
a number of instructions which were implemented for the IBM 


370 and are not executable (understandable to) by an IBM 360. 
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Communication with ATI disclosed that the affected portion 
of the Simulation Program was written in IBM 370 Assembly 
Language and that there were ten of these instructions. 
After further investigation by the author, a similar 360 
instruction was selected that was presumed to operate prop- 
erly for the majority of cases. This new instruction word 
was placed in the ten locations using a local wtility 
program. On completion, the bench mark program was success- 
fully executed and comparison with the version run at ATI 


showed that identical results were obtained. 
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APPENDIX B 


INSTRUCTIONS FOR USE OF THE APSS INSTRUCTION LEVEL SIMULATOR 
ON THE IBM 360/67 OPERATING SYSTEM AT THE NAVAL POSTGRADUATE 
SCHOOL 


A. For general and detailed information on how to use the 
IBM 360/67 OS, the reader is referred to the W. R. CHURCH 
COMPUTER CENTER USER'S MANUAL. 

The ATAC Programming Support System Instruction Level 
Simulator currently resides in load module form on Cell 5 
ei=the’ 2521 Data Cell under fite name S1454.PDF.APSS. The 
steps recommended for use of this program are: 

1. Write any desired program in ATAC Assembly Lanaguage 
following the directions of ATAC PRINCIPLES OF OPERATION 
(VOLUME I). 

2. Include desired simulated Input/Output operations 
following the directions of ATAC APSS INSTRUCTION SIMULATOR 
(VOLUME 2, Section IV). For this purpose it may be neces- 
sary to replace supplied FORTRAN dummy subroutines with sub- 
routines written to simulate data generation and interrupt 
timing. The Job Control Language sequence required to 
accomplish this replacement is shown in paragraph C. 

3. Include desired Simulator Control instructions 
following the directions of ATAC APSS INSTRUCTION SIMULATOR 


VOLUME 2, Section IV). 
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4. Prepare the coded version of 1, 2, and 3 above fol- 
lowing the directions of ATAC APSS ASSEMBLER/LOADER 
CVOLUME;<2, Section 111) for precise ead formats. 

5.,. Construct, the input) card deck for ‘the desired, job 
including required control features in accordance with ATAC 
APSS JOB MANAGEMENT (VOLUME 2, Section I). 

On. completion,of 1) through 5, the, user will have a card 
deck the first card of which is $JOB and the last card is 
$END. The following IBM JCL cards are required in order to 
execute the program. 


(STANDARD JOB CARD. SEE USER'S MANUAL) 
TEST EXEC PGM=APPS,REGION=250K 
STEPLIB DD DSN=S1434.PDF.APSS,UNIT=2321, 
DISP= (OLD, KEEP) , VOL=SER=CEL005 , DCB=BLKSIZE=400 
FTO6FO01 DD SYSOUT=A, DCB=RECFM=FBA, LRECL=133, 
BLKSIZE=3325) 
FTOSFO01 DD DDNAME=SYSIN 
FTOS8F001 DD UNIT=SYSDA,SPACE=(CYL,1) 
FTO9FO01 DD UNIT=SYSDA,SPACE= (CYL, (7,2)), 
DCB=(RECFM=VBS, BLKSIZE=7180, LRECL=92) 
FT10F001 DD UNIT=SYSDA, SPACE=(CYL,(7,2)), 
DCB= (RECEM=VBS, BLKSIZE=4204, LRECL=42, BUFNO=1) 
FT20F001 DD UNIT=SYSDA,SPACE=(CYL,(7,2)), 
DCB= (BUFNO=1, RECEM=VBS , BLKSIZE=2004, LRECL=500) 
SYSPRINT DD SYSOUT=A,DCB=(RECEM=FBA, LRECL=133, 
BLKSIZE=3325) 
SYSIN DD * 


— i i Si ag Rae i Nie ae ia pe etn, a on 


Bea tes ake Abe hia ei 
(2) 
ioe] 


APSS PROGRAM 


$END 
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B. The source tape for the APSS Instruction level simulator 
is stored at the W. R. CHURCH COMPUTER CENTER under the name 
MATTOS". DiFiles I ‘and '2)on ‘thi's. tape ‘contain instructions 
for the use of the entire APSS system. The instructions 
given are not in general applicable for use and retrieving 
these files is not considered ‘desirable. If retrieval is 
warranted, use the IBM utility program IEBGENER. For further 
information refer to the USER'S MANUAL. 

Pile 3 contains/the object module form of the APSS Instruc- 
tion Level Simulator. The following steps are required to 
prepare ie forouse in the €vent of failure to the Data Cell. 
All of these steps may be accomplished in one JOB if 
desired. The total CPU time required is approximately 10 
seconds. 

L. Move the object modules from the tape to disk 
Btorage. ENSURE the actual disk pack used has sufficient 
unallocated room for contiguous assignment of tracks. The 
object module file has a block length of 13K bytes and the 
track overflow feature has to be selected in order to be 
apie to access the new disk file successfully. The track 
overflow feature allows data blocks to overflow from one 
track onto the adjacent track, whether it is assigned to 
_ you or not. The normally used USER disks will not usually 
have sufficient space available. Special arrangements 
Should be made before the file is moved. The required JCL 


statements are as follows. 
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// (STANDARD JOB CARD) 
// EXEC PGM=IEHMOVE, REGION=150K 
// SYSPRINT DD SYSOUT=A 
// SYSUT1 DD UNIT=SYSDA,SPACE=(TRK, (40), , CONTIG) 
(1) // DA1 DD UNIT=2314,DSN=S1434.ATI.PDF1,SPACE=(TRK, 
tm eu tos 1 )s- CONTLG)., 
ce) f/ DCB=RECFM=T, 
vf DISP= (NEW, KEEP) , VCL=SER=PAT003, 
re LABEL=RETPD=060 
// TITAPE DD UNIT=(2400, , DEFER) ,DISP=NEW, PASS), 
yi} EABEL=(5,5L7 )1N),  DCB=(DEN=2 , BLKSIZE=800, 
fy LRECL=80,RECFM=FB) , VOL=SER=ATI105, 
// DSN=ATI.TEMP.APSS1 
//«S¥SIN DD -* 


(3) COPY PDS=ATI.TEMP.APSS1,TO=2314=PAT003, FROMDD=TITAPE, 
TODD=DA1, FROM=2400=(ATI105,3), 
RENAME=$1434.ATI.PDF1 


™~s 
* 


Nore is) * Fite names selected must be Consistent 
throughout. 

Note. 2: * This selects the track Overt low option, 

Note 5-° ihe asterisk (*) in. column 72 is 
required as an indication that another 
card follows which is a continuation 
of the COPY PDs. card. 

Zz. the object modules now on the disk must be built 
into a load module and stored in a permanent file. The Data 
Cell is adequate for this purpose. The following JCL cards 
will accomplish this step. 

BUILD EXEC PGM=IEWL, REGION=100K, PARM='OVLY, 

Skee, LET LUST 
SYSPRINT DD SYSOUT=A 
LIBRARY DD DSN=S1434.ATI.PDF1,UNIT=2314, 

VOL=SER=PAT003,DISP=SHR 
SYSLIB DD DSNAME=SYS1.FORTLIB,DISP=SHR 
SYSLMOD DD DSNAME=S1434.PDF.APSS,UNIT=2321, 

VOL=SER=CEL005, DISP=(NEW, KEEP), 


LABEL=RETPD=060, 
SPACE=(TRK, (300, 20, 2), RLSE) 


CEES al SS Se a a 
SSE eS aS es 


4&8 


es a en 


MAATLTOAOONT 200 TUTE 
facie 


~tetiqo wollvave foarte? orzaten ae fa 


WanIcns 


Poe PE ee 
Tee ey Sy 


re 


fed? 


Tew Ry! 


fOlTHGHIIHs5. & 


Witurko > 


G 


ni -C*) 


i 


L 


4 


La bay } rh 


vi ty ier, 
er wal 4a 


i> cus 


rh. ely 


aries Dot bra 


1a. Bod eof idem soul 
a f hm TOz4 han stale a af 




















tepimhee oy i 


2h béreopan 


fs 


roytug, 2243. ten “saan ig 
gata elite detioeoae 


Leste Saxe dara ae 
‘TG 4, Sha, TAX re 
renee Ge “at 
(Ad te Leena gu YA Td 
Utd, SPOT Ate caaeaaON \\ 
4d. DavPedMANed (dale vao wae 
V/ if eIMAREG Gf GOMIEYS > 
id , 20/2 ogee AOy -e 
orbs eA a 
0) RAT) Ae 


‘ ; - 


ibe) ha 
ye - 


as ia : “a 






~~ 


/ 
/ 
/ 


SYSUT1 DD UNIT=SYSDA,SPACE=(TRK, (19,19),, 
CONTIG) , SEP=SYSLMOD 

SYSLIN DD * 

INCLUDE LIBRARY (PMUDL) 

CHANGE MSIM(IHESAPD) 

INCLUDE LIBRARY (LIBR2) 

INCLUDE LIBRARY (ATACIO) 

INCLUDE LIBRARY (MSIM4,ASEM5,SIMU11,SIMTR1,SIMIO1,GUL) 

INCLUDE LIBRARY (XPLMON) 

OVERLAY Al 

INSERT MSIMUL, *MSIMULA, IHENTRY , IHESAP 

INSERT MINT, IN, OUT 

INSERT IHEDBN, IHEXID 

INSERT IHEBSM, IHECSM 

INSERT IHEBSK, IHEIOX, IHEIOP, IHEDID, IHEDOB 

INSERT IHEDIB, IHEDOA, IHEIOB 

INSERT IHEIOA, IHEOCL 

INSERT IHEBSD, IHEBSE 

INSERT IHEJXS 

INSERT IHEOSD, IHEOST, IHEBSI 

INSERT IHEVPF, IHEDMA, IHEVEB 

INSERT IHEDNC, IHEVFD, IHEVFA, IHEVPD, IHEVPB, IHEVSC 

INSERT IHEVSD, IHEVFE, IHEDCN, IHEUPB 

INSERT IHEVFC, IHEVPE, IHEVPG, IHEVQB, IHEVQC 

INSERT IHEABN, IHEIOD, IHEIOF, IHEPRT, IHEVQA, IHESPRT 

INSERT IHEBEG, IHEERR, IHESIZ ° 

INSERT MISET 

OVERLAY Al 

INSERT ASSEM, REWIND, REW72,DSKOUT,CARDIN,DISKIN, 
ERPRT , PRIADD 

INSERT WRDATA, PRICOM, PRINOR, WRITEX, REFTIT, PREF, ERTIT 

OVERLAY Al 

INSERT PARMRD, PRESIM 

OVERLAY Al 

INSERT SMLTR,NRMTRM, STRTSM, TPAGE 

INSERT RDCRD,ABNRMT, ARTHFP , TRACE, HGRAM, HGRAMI , HGRAMS 

INSERT IOINIT,ACTIVE, SIMTIM 

INSERT DEVDTA,ACT, PRGTIM, RAND, TIME, INT, RAND, DEADT , DEBUG 

OVERLAY A2 

INSERT LEVEL,IOR,SPLIT,DMAIOI, DMAIOA, DMAIOD, RIOIO 

INSERT REMACT, DMA, DMATM, RIO, RIOTM, RIOINT, INTOLY, DMAINT 

INSERT DTRAN, PUTACT, RANDOM 

OVERLAY Al 

INSERT HGPRNT 

OVERLAY Al 

INSERT LOADER 

OVERLAY Al 

INSERT LINK, ENTEXT, SLLH 

OVERLAY Al 

INSERT PLATAC, IOPACK 

OVERLAY $OBJECT (REGION) 
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INSERT OBJECT, INIT, LIB,RCALPH, RCHEX, RCINT 
INSERT MDATE 
OVERLAY $DUMP (REGION) 
INSERT SMDUMP, PAGE 
ENTRY MAIN 
NAME APSS 

/ * 

3. When the load modules have been built onto the Data 
Cell,!the disk file is no longer required and should be 
scratched. The following JCL, cards will accomplish this. 

// EXEC PGM=IEHPROGM 

// DD1 DD DISP=(OLD,DELETE) ,UNIT-2314,VOL=SER=PAT003 

// SYSPRINT DD SYSOUT=A 

// STSIN* Ds * 

SCRATCH DSNAME=S1434.ATI.PDF1 
/ * 

4. At this point, the load module is on the Data Cell 
but there are 11 memory locations which are required to be 
individually changed in order for the program to execute. 
pee APPENDIX A for detailed reasons why. Changing the 
memory locations requires the use of a utility program 
Which 1S winder close control of the Computer Center personnel 
for obvious reasons. The locations, current contents and 
required new contents are listed below. For assistance in 
making this change, see the Director of Operations at the 
Computer Center. 


All numbers are hexidecimal 
NAME APSS SMLTR 


Location Old Contents New Contents 
J15E BD53 4950 
1166 BD53 4950 
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Location Old Contents New Contents 


1176 BD53 4950 
117E BD53 4950 
118E BD53 4950 
1196 BDS3 4950 
11A2 BD53 4950 
1200 BD53 4950 
1208 BD5S3 | 4950 
1214 BDS3 4950 
13B2 ASEC B39B 


5. The APSS Instruction Level Simulator is now ready 


for use. 


C. A subroutine may be substituted for any of the dummy 
Input/Output subroutines supplied very simply. The first’ 
Step is to write and debug the new subroutine. Care must 
be taken to ensure that the new subroutine has the same 
name and identical calling arguments as the old one. Once 
ine subroutine is fully ready for use, it may replace the 
original one as shown below. It must be pointed out that 
ence this step 1s accomplished, the only way to retrieve the 
original subroutine is to build the entire system over again. 

// (STANDARD JOB CARD) 

[/ EXEC FORTCL 

fj FORT SSYSIN BD * 

(FORTRAN SOURCE DECK) 
/ * 
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// UINK.SYSLMOD DD DSNAME=$1434.PDF.PASS,DISP=(OLD, KEEP), 
// UNIT =2321,VOL=SER=CEL005 
// LINK.SYSIN DD * 

NAME (SUBROUTINE NAME) (R) 


we 


bash 7 


2) ie Aaa 





APPENDIX C 
THE IFM DIGITAL PROCESSOR PROGRAM LISTING 


The IFM Digital Processor Program (IDPP) is the imple- 
mentation of the algorithm presented in Chapter III in ATAC 
Assembly Language. For ease in examination of the coding 
used, a listing of the instructions used in this program 
and their functions is included in Appendix E. 

1. Program Listing. The program is listed by the APSS 
Assembler and provides the following information. 

a. Column i. The first colunn lasts. the instruction 
jocation relative to the start of the program in hexadecimal. 
the program actual entry address is location 10 so that in 
the simulator output listings, locations appear 1056 higher 
than they do on the program listing. 

b. Columns 2. The’ second and third columns contain 
the actual hexidecimal contents of the instruction. locations. 
single word instructions do not have an entry in the third 
column. 

¢. the image of the input program cards is reproduced. 
Lines that have a period occuring as the first entry are 
comment cards. 

d. The sequence number of the cards is simply the order 
in which they occurred in the data stream. 

2. The program has been written as one entity in order to 


save linking by subroutines and paying the associated time 
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overhead. The different functions of the program have been 
separated by blank comment cards for ease of reference. The 
basic function of each instruction has been included in the 
comments made in the margin adjacent to the instruction. 

3. Beginning with the location HADRS, the following cards 
establish data storage requirements and represent the only 
means of interpreting the results of the simulation. The 
Simulator automatically dumps the entire ATAC core storage 
on completion of the simulation. By referencing the loca- 
tions of the various variables and data, the contents at 
the completion of the simulation run may be determined. A 
summary of the meaning of the data storage locations is 
given below. 

Variable Interpretation 

HADRS Used rtosspecifynlimits ,of -thexinstruction 
versus time Histogram 

TRACK The output pulse train file. Individual 
files begin every 1046 lLecations. | 4interpre- 
tation of the word values is contained in 
Seetionkh lll iGel, 2s. 

EFILE Frequency! input file..,The, contents of 
EFILE locations show the mapping conducted 
from frequency information to the proper 
pulse trains. 

TFILE The contact file entry file. Locations 
correspond to the pulse train file and are 


in the same order. The contents of even 
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Variable 


OFLO 


OFLOW 


NEXTF 


PPILE 


DATA 


DATAR 


Interpretation 

words of the file contain the entry location 
of the corresponding pulse train file. 

The overflow storage area. 

Variable used to point to the next available 
location in the overflow area. 

Variable used to point to the last pulse 
train file activated. 

Used: to define the extent of TFILE for 

the purposes:of initializing the TFILE 
locations to the proper value by reading in 
data cards. 

Locations used to store input pulse data. 
Used to define the extent of DATA for the 
purposes of initializing the DATA locations 


to the data values by reading in data cards. 


4. The sinulator output. 


a. <A print of the contents of each of the 16 general 


registers, the condition code register, the input/output 


interrupt masks and the simulated computer time elapsed 


since the beginning of the simulation can be provided. This 


print out must be specifically requested with a Trace 


request. Lt is turned on and off within the program to 


avoid a line of output for each and every instruction 


executed by the simulated computer. The feature is very 


useful for checking the program flow. 
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b. The simulation histogram of time expended by the 
instructions at each real location (10 + the program listing 
location). This feature shows which instructions take more 
fome in execution than others. By noting which instructions 
or instruction sequences take abnormal amounts of time, the 
program flow can be changed to improve the overall effici- 
ency. Additionally this output shows those instructions 
which should be looked at with the possibility of redefining 
a new microcode instruction or modifying the hardware con- 
figuration in order to improve the time required for 
execution of the program. 

c. Core dump. This output is the primary means of 
verifying proper operation of the program. Variable 
locations in the program listing are given in actual core 
locations if the variable is in Random Access Memory (RAM) 


or Read Mostly Memory (RMM). 











view odes enokzaierant Wakao event opr sed 
no tionriamt dohie gnisom YB vatedgoids nc 
ane .omis 24 ction Lemronds: alesiieanach 3 
~i2itts Lfnreya ote -svonqat “6 sgt od as2 
engktautient seods ewaide rueirwer eit Li snok bbl 
gintteher to yiitidteroq est aniw $i bbatwos od ’ 
799 Stiwbrst wt galydtbor am wore weaal sbooe 
to? betiuper omit aty ctecadt a8 ‘tobro 3 “a 
meeyarg, 99 Bd 
30 edbom Yuecitq of? 2t daggio SINT ines 
seldaite¥ .mesgorg ado to qodteerege! x 
~ @705 here ri a#evia sie oahoruas Get gONT ont 
‘Dadam ¢1OH0M vancuk wobasd ak ab vidanvay a 
CN} neoeile bhi 


1 


PAGE 
CAR DONUM 


06/16/74 


2 17:10:23 


TIME 


IFN 
LOC 


CARD IMAGE 


CBJECT CODE 


ANDMPNONOEDROANMSFNDIE DNOANMOTOOED ADOANMNIEOOM DHOANOASOOF-DDOANMS 
AAA AAAS ANNNNNNNNN NM MMMOMMMAMMS tT NM 


DOOD VTO DCO OV OO OVSVOSOOSSSSSO SSSS SOS SOVSSSSVOSNGOSIV VSO V9SOV OSC CO COD 
DANN INO DHROGNMOSTNOE DHOANMNLNOM™ DROANMSN OF DDOANMSNOFDFOANNY 
0 D0000 0000 SAA AAAS ANNNNNNNN NN MMMM MMAMIM +t tse ter TOMMY 
DOOSVSDON COSCO OO SCSGO DOSS OGOGOFC0 40 GVO COSDOCOS000 COCO O0C0GOF==ZzO00CO 
SBETVTTSTPSSPST SPSS TTT AZTSZTTSFSLFSTTSSPTFSTT TT SPTTTHSATSTTTTTFFUUSTTTS 
CL 
ee ee ee eee 


e 
Ww 
ace ne we w a 
wo jO oa 4 oO 
ru dz Owdt 72) 
Lod ao jae D WM 
” Ou @O OO. ai 
oO ww wr ru 
ere TMM > WIDO 
e~O FOO CjyZ2Trtorw 
ws aw 2D0rrwanr 
> Loo 2an 2a 0 
ar Oe Ww FrOW IM 
w == ZwIZzordn 
On 2 Oo Jz Sorw 
WO HAHOXeWoOaCeWwTroO 
4 Mme eOLTZSIOLTrFZO 
” OWN SRerurere Wr 


TURN OFF THE TRACE 
0 
K 


ane 

wo 
eww 
We > 
ron 
ts 
Lealvaley 
> Wow 
a ix 


ZO 

Oww 
=—WwOoOV) — 
raw 
awd 
=>a 
an 

owr 
LOO 
Zit 
sow 


eevee eereeee eee eet ee eee ee eevee eese 


FEOQ5 0000 


0000 


an 


we 


w2ze Ww 
Onr2LZ nO 9 


ne 


~ N MZYM NOA 
pa ee 
Zz wrOt LOOW4 


wo ax ZOrntat 


DYNDOUMe Tero 
WaInet bt 
Ww JWZ7ZXere- eee 
a =zOnrNoOwWOW 
ris et-A 1) 
tren Oo 


Wr Anse ww 


Towws-4jO0O+r-xr 


rwWwOLlaud0O04 Ir 


BrWrOOQG JZ 
Zo0owW=z 


HOHE He Wo 
Zdrarouw 

SHeSZLMHAOOrs 
eodOIsaeaSE +MY 
Ww eared ww ae 
rOMTrrOrFS =U 
a Sie se} 
2 OFMWOOrION 
S WZ YZ wo 
(eatojadrioZz . 
ACwWD OFWH Jae 
meoOer OO OW 
TwWwer wmw2zswWyr- 
beIe-Te-ratoreos 
>+ODZWre-M-E ra 
ORDVAEHH ZMH OW 
ZzZOn FX HNN 
Ww OMS we WH SZ 
Dw tre CZ0UTLO 
JDAWEAsWOODLOFrO- 
WIEN Zara 
SBDHOVMNOMF WOT 
WarStruw WHter 25 
arFLwortdonrge 
In OCOrND 
eee eee LO Mu 
ANMPWO AuUendte 
FOY Z2u0UrFoO- 

JM HNO 
amet YNoOWwWW 
Uarrrwrecr 
WE ROWER 

WOrZd0r- 
L2ZwWrerez27n0 
FH IHOR Ort 


57 


dk 
0 


a ee ee ae a 
Der OOW 
OQUMULU Fey 


DROANMSUO 
AAAS 


OOO OOOO 
HU UU LL 


eerrrrrrr 


a 

Q 

<a 

= 

w 

ow 

a 

a w 

ws = 

Lad ~2 

= aoe 

=O OOo 

ow rao 
aw 1S) 

N wu 

Lett awd 

jen HH 

m2>> ow 

Ua 

wrr¢r Ze 

tee tes 

hR>rastoO Act 

ao = “ee 

OZLLwEOrr- 

« WOO 2 
ne-D Wes wu 


EDGWWNYNMN 

Zaws Syej4 

WZe4MDODD 

Seubrra FAQ 

ra, 

oO 

HORNMOS OOM 

a) 

NOUODOOOY 

WWW WW WW 
aetrerrere 

a 

Ww 


Oo 
1 
a 


«SIMULATICN CONTROL SET UP 


wn 

w w 
” = 
=n — 
<u co 
oe er 

oa w w = 
C50 FF « 
me Se OS 
nn —_— _ 
=~ OC Of u 
IZ2 a aw 

os aa 
ws w x2 w 
= 4 Onweo 
aw SCY 
FY YWuLAIG 


ZbE aE WwNWt D 
mZzrDMHSwL = 
oaa4usO 2 
avudZz5a -OWM 
D> mHoORnwW 

Qa raoza 
ReoidrkFreO c£O 
WOWUWW2ZEODI- 
NIIMM=MOr YM 


tr 
N = 
ao oO 


Mw era O_s 
moydttinw 
Ont-O HO 
aud ene -O 
ia QO7tH-+-0O 
es 


Dae HHQDd0Or 


”n 
SSE TX AXCCOT=S 
ASR OOOKR Gee 


MANIIIMNOMNY 
w 
Zz 
i=) 
a 
MmNtTOOO CO 
O0000 90D OO 
OtWIoONn OD 
OnAaAAuLOF OV 
DHAHOW HHhtOr 


oOoooo0eome Jl 
WW Wee OOW LU 
WwW POW UL 


NtODqQowortm 
LejelololSielor lala! 
Oo Dd00009000=3 
oo000000000 


el 


THE ACTUAL IFM PROGRAM FOLLOWS 


rs 


i 
9 bmg we 


th és 


eae 





6 e 
- o- 
Treat). crew 
‘ ‘ 
‘ ; neers 





2 


PAGE 
CARONUM 


06/16/74 


* 17:10:23 


TIME 


FM 
LOC 


CARL IMAGE 


CBJECT CODE 


WNOMDMOANM LIN OF DNORNMNTNOEDHDOANM TN OE DHOANMTNOF DDOFANMTNOF 
IWIN 000000 00 DOE EEE EEE DDDDDDDODDDAAAAARAADROOCOCOCOOO 
RAH ttt 


SOOOVDSGOSSSOSS SOS OSS SSSSS ODS GSO SOSO GANS OSVVD ODDS IN OSV SONVGSOOSCOC900O0 
TOO DFOANMTNHOM DTOANMTO OE DAOANMNSTOOEDROANMNTHNO-DHAOANNTNHO 
LAWALL O00 0000 DOO EEE EEF DDDDDDDDDODMAAAAHAAHAAAMNOOCOOOOSD 
SO0SO DOOD DODO CO OO SCOOD COCO OCO O0C0OOG00 3000 CO OOC CO OOCOCOF AA aH Hire 
> > i> > i> i> Wi > ep > > ep ep Eb > > Eb D> Bp > >a pS Sp E> a> ip E> a> > ep ap Ep > i> > iP ap > I> Eb E> E> a> I> ap > Bp I> o> 2pm 
pCR TSS CETUS CR CES CUO USC RU Ma emi Colemiecgemealvcjlogea) osialealeulcmieaUstumlalemvalumiCalemenlvcweleaieales| Coles’ mUallaiesUallalsoleaiemienie as 


ER ed tad ad hd a Rd dt nd Rd tt nt Pt Pd Pt et Bt Pt Bd ad re dt ft Pk td el ad dd mt It a Pt at rt Pa Pt 


~< ae) 
Vv Vv 
(=) = oOo oOo Ww mu [4 
= oz ~ WW ~ ond a 
a sO YO OIG _ lun nn a 
rFOO02 Ww Mu a 
n at wjOrro oO a n 
end =Faorex & rad, cr oO ona Qo aa 
x= aewO FrwoZz — Ox oO w Ww er aw suw 
- OMr-aAtazW aw ade me a a un oa OO oo4 
wb neo “© 2 OY = =z Lend a _ 
[4 ZO <a0c#uU>O - a a o wz - wi wi 
oO —s2aI0Ij0 ¢ MO Ee TS z jeje} oOo nNY mn 
w <r UL OrFvWW 2H A? Selon! New w oO Ww dad aqaod 
w deO OFoWwWeN WW OF AD as Orwu 4 ww Wuwt-D 
[<4 MNnNOWWEr Oder JOWP aad Ve Se [edog arerZza 
Ww JY Mawr O2zDwWs oe oO WO + A YOU Ovo ee 
= DWOWLEMNYNOHFOAYrO FW Ww = rx DO Pe ett) zw ve) 
Zz OeZY Ben wo Ee Qa Oo jus OQ OMX <a 
=) (=) WeerOouw OLWWD we oe wu UM we wus = 
oO “wou TOO + +400! + QFEwouww ere wiser & - e-DZ 
a Ode O02 Wt WO DeyIFe 4 Zz Dee OOOO O04 a 
Ww SHOer OCUOIWFIH bazal ze OA OF eu Jjjatt ae 
Ww wMZzayguZzw tO S-aeeZOOr LWWOUW _ = Zoow OO0>W =) 
—! D-OOntwWY WYOOW DZ2u 4 aWe w ur = oO 
i CORD A> er ETH eH OOWH ol FO SOUG UW oer Par y=) wx 
w Oo JOUnN WHZ WeEet CuUroO OF Hwee eed KREWO <= 
EIGWOne PWILW-OUIZEFr 4 = FZOr- O04 ZOIGEF 
<— WReTWITiyes Oru «5 D k& tt = nn Qeeks Qeect a 
= Ta SNRIIUL waz QDWONK MY Wi Wa w ox a 
9 UEDA AWD Ades OZSSOC Wea S32 FruUsta SwWEES WEZQVAUY a 
oO moO ao~ra0 ww ees & eee 4 3 4 _ Dee hr WU rWwuWoOdt = 
QOW2zt Zou +aZ000M 4 we AaOrr- -rAZZO AZZ © 
Ls ReateeErEee <= FOs2 22 Ske OS: ake 2) =) a a = - 
w WO tDWWOLOeWOnUHOUTWUL WwW FO OuutwW LYaUNUO AaLUUDO w 
“” WSEDOAMMO4 JA OOURLOME ONO ao ON HDs De DO ” 
+ 
~ 4 
- - 
4 w w 
=} a o oOo wo Lal 
a on) 400 . - . 0 oa 
a - ea Wie mt eo a4 or a 
t ews COF WOO ADSER GS ers ed ere a ees OAeNM AAat 1 
HN BHO Be NN ed em wm Ol) AMY HOM Bet RENN OHO OMMAHUOU & eDOU && ~ 
OHOO #ORHO “OF SODMMWM AE AAD HAAS © PON HK QW AZO ya) 
8 RNR & we RNG Bm Ott A on oD om em ROR OR FB & PN OHO FASHO oe a 
NY WO & NX > & OK BH RY OK RIK BRR ENEMY eR eR RRR - 
HMRHtINOONR EHH ONYMOCKC YOCOM Zeeme rere ZSZ HAwArZeYYAZOD _ 
” nn alee) n ” n annum YM NY mm WM 
OOVECOVACCOCYOICY CSC DOVAVOA CVOCOLC LCA DOOVVIAVDOVVA COV YU a 
OOCWOKCOr DOO CQOOOQDCeQSCOOCOOO0D0D ONE COTHXIDCCOOVee ee oO 
IOC YO INITIO JI ND IOOT YO IAI SOOO NIV OMNDOHDIIMHOOMND —! 
w 
x e w ae = 
— e a a 1S] a 
<5 Loa] 2) a oO <a a 
Oo 4 w a & - = 
ee he w lol =) ” “” ee er 
oO - uw 
oO ao om 
ao Dn uw 
a a we 
OLNOWNNAHHOR ONWODOOFODOFAHISTADAOOY OT NOOHORTOOTAS OR Qa 
TAWMAROOTNE NOW FOO TOR AOA SAAN NDOO DOO WAMDONMO DOM Oo 
DCOULUWOLOHOONNVNINDOFOOCOMODMODODOOAOPRTAOThrOOTrrOO a 
DO DODWOTHVWWOOWNWDOD NODNOONDONWWIOOONODOOWWDOODO uu 
WO DRPIDVOWLANNNO-ODDIDVOWLO ANY FNOPONADOVOWLOANM S w 
AT tt tt I INN NN NINN NIN NAMM MMMM MAMOAMMMMOT rT vr 
COVSOSVVN OOO QOSSOSOOVOOVCOSOSVC OSOVO DOO OOS OO VO OCOOO0C0CSCOo oO 
BDOCOVCOSCOSO OOSODVSCSOSOSOSSOCO OSV SOVOO COO CO COV OOCOOCOOoOo Oo 


58 










Sot Fi al SO 


“ye ae me 


i 


¥ 





Eien 
ee A it 
ko oerwt 
fae a 
= * 
7 _ 
Ly tne 


+ ADS 
ty 
ce 

& 
rs 

Se 24 

ite 
rs 
patsy 
ptr 
£3 
ee | 
+2 
. 

ea 
4 
° 


% 


aeae 26 © ibMbe @ 
HSS e4OHSh de? Ce 


§ ¥ sare ie 
z “ <Cepantyats wee RARESOS, 

w 
- ef ’ “ 
- : * 7 
. ¥ Fs Z 
n ba ms - 2 - 





; bP ate w nei ] Pa UT Pte Gee prea 
¢ Owes 0% ¢'ete bred 4¥; my "a ch oben “a 
i a) Car, 3 — Ire Chere ateth 7 Pe 


3 


PAGE 
CAR ONUM 


06/16/74 


2 17:10:23 


TIME 


1FM 
Loc 


CARD IMAGE 


CODE 


CBJECT 


DRAOAN ITN 0 DHROANOFONOM OHDOANMSFWNOMDHAOANMTNO-DHDOANMNINO-DDO 
DDG St Sh ION OI INN OD 09.097 09.09 099 9 09 09 SS ST ST TNA ANN VN 
FL Ree Le Le Leo Lee Loe Le ee eee Le Lome Loe Leen on Lo en en hee in ee Lemon ae Lee be Looe hee Kon Lae Loe een hen en cee Lemmon Lee ee Lee ta Len oe teen Leen ed 


GCOOCOSOOSCOSOSCSDOCOSO DOO SOO OD SO SV AOVOO SOO OOO SOND SOVOVOS OSC SOSODAVOGCO9CG00C000 
MH DHOANM FNOM DROANMFNOMDHOANM FOOD ROANMLN OF DNOANMSNOF DD 
OOO BAAR HAA AINA NN NNN NNN OMIM MAMI Ott tt tr PO NAnnninwn 
Fe Te Ta Eee Ea fee len cr ea Lee en hee em ae ee a Lem aes es an ao ae ba cee ee cn ce ees eros ae ee ee Kes con cn Ls a ee ee ee cae eee ae ee ee oe ees ee ee) 
PS STPTBTTTSSHAFLTTTSTSTTLT SST SPSTSETLTTTTTTS TTT TT TTSTTZTTTATFZZLEZTS 
gOS CE aa SS a OO 0 UU Uw SU CO UU Ce CCU U CR CRC CLG Um eeiUay ey cmleone mn ceneance 


Et tt et et ett et ped it ht Pe edd bt td PE ag Pt ent Pd dd it dt dd dt tt Pg tl kd at Bt 


N 
rod 
1 
a 
w w aQ 
24 Ox 
OwrH wo 
zu [aa 
BH 
<her Ze 
w vo Leal 4 
2a a 
w <r al) 
ya nwwWwZz O WZ 
= MWIZO A De 
wbuwe oO a 4a 
) ce <aiw 
OF 2FOZ +x~>D 
wx OQWUM az w 
Mw ao Pew ~wn 
DZ a~ Z2iIt> wl 
a> OO We > 
wWweror>-OZ Wiha za 
jOoOorvdy Wo Fe w 
meurIZD D 4H4tu — 
w WoOWd ~uL4t wx 
wu Sw uw ew jw 
DSW ao RRYT HZ 
MIs FaNMIO Ww 
Sd a 25D Loa 
a> Uw wea wu 
Lael xx Of (f=) eg) 
REXrUDO SAOrrFIA O 
WWW Pre OF DUO FO 
ONZzZOoO nM WAM NO 
Se) o OMT 
- ~ ee 
w w Wi 
w 4 uy ton 0 
e | 
x UrexuL Lu 1 
WAM OW aw eNOS 


Zed eZZ rene eto nena 
eO Od *NODD eHHNDD 
ORO RD OD oid oF 
oY) ON eX OY & wo oe 
AneLOZOOHOOerHXLOD 


“ ” 
ecOO¢OrVOCYeXYreYYO 
O0Z0cr+O0r0O000Fa 
42 I YONNI INI 5 ND 


— 
Qa 
— 
at 
- a at HO 
oO oa oD DO 
a an an aD 
coal aoa Ae 


WOODN.0NQDORADOON 
ONOVASVRYR TONGAN 
NOOMLODONDOLOOCOND 
WODWOTMOWOAWTWWOO 


eAIADOWONMNSORIDO 
TITIT COMMA 
oOoD00C0C0CCOSs000000 
lolelelelelelelelclelelolelelslo} 


WAN 
OaWO 
Troon 
Qowo 


OWWO 
LUV SO 
ooon2 
lolelols) 


59 


FLOW LCCATICN 


w 
GwWwoOIdswae 
Faz we a 
Iewoewwe 
CQaxx xex“n 
Z2WZ0F00 
See EWZEO 
LA IMM 


= 

ie} 

= 

wt aed 
OAnMWT «Ox 
edt ett eg 
TM #0 este 
AAO wh ety 
meee en ne 
Oe worwnad 


LOW 
FILE, 7? 


ao 2) 
xerTorcvwocru 
QO0OrO0O0ra 
Ixia 


STAR2 


1980 
1800 
1980 


WOOO WWUs 
YVWOMmWHOWD 
NOCMOOUNO 
WODRWODO 


AMT N~oOM 
WOD00000 
OQoCo°900o0 
lololelelolo) [e} 


o 
a4 
Oa 
wa faye) 
ac w aw 
w wo oO am 
Ze O Zz oO 
eat 2 w wo 
=e w a ae 
pS) S| =w ” 
wo w sow me 
bY oO ew Ar 
2a Lead oO 
Su <2 n a mew 
QO te Dw (= 
COwdt 4 OFW wuz 
FRO YW HH now 
w 2 w >be za 
YlDWeen Ww ke ww 
H00@ORNaN OaLs 
DZOwaod adw Wi 
aq Tato ort bio 
xecws Wa Duca 
Onn JBoIYrr> oun ~ 
Fe swt Pu oud 
sDReawo ¢£e w =e 
wuoadt gruacdt NW 
Fae Ey er = J=rO 
OQwWWwWD= Me TD =I) 
NeOdd COU atroo 
Q QSKRFEOFNY art 
Ourdaa50wa4 LiLWO 


Ie NVOOATULO SN 


a 
Cee) 

a Dan N 

- ee sO INNMO OON 


On ODOOHD eee ewe hoo re 
AMAA & KE NNAOYNOOND 
HO rR ROW & et oO nd 
YN eXMI © NE § oO mw OY & 
BNE eNO Ke ZNO 


n = nnn 
OVWOVOCOreeDIVCaAeL 
O¢-OLTOOQ0000%e YOO 
qIomvnainadodtissvOonons4 


a 
=) 
4 
= 
o 


GOOD 


ANIMIIAIATADNNNHOONTANNS 
SAO DO RFIDWHANMODOON 
OAR AWVOUNOIOAROOO 
WOnAOITDWOLWWAOOTW 


VYUOWLOANMNSTHNO-OOID 
DODD RRR RERERE 
lolojelolelolejlelelolojleleleloje} 
isleolelelelolelelolelelele)lojloje) 


ie es 


saat 


Wika kX. 


Aner 


rine oe 
ae 
4 
1 Pry 
meiie 


rs 





sat a4 


i 


us 








4 


PAGE 
CARDNUM 


06/16/74 


: 17:10:23 


TIME 


IF¥ 
Lec 


CARD IMAGE 


CBJECT CODE 


ANMTNODMHOANNSNOEDHAOANDTAOE-DHOANMFSNOE-DHAOANMTPOHOE-OHDOANM 
WDD00D00 900 ORE EEE DODD DDDDDDADAAHAADADMNMNBROOOCOOOOCOO OH AH 
VEG hh tt ttt ttt ttt gt IRN NNNNNNNNNNNNIN 


OOO VOSS SCS OVOOSOSOSSO SO OVOSOSSSSS DO SO SSSOSOSOSOSCSOSOSO VIVO VO OSO CSS SCSCSOCNCoO 
DCANMLN OF DHOANMF NOM DHOANNPNO-DHOANMSNOEDDOANMTNOE-DHOAN 
ODD D000000F EEE DDDODDDDVDADAADABRADANAAHDOODDOOOOOO RAH 
IH HA hh A hhh I ttt tt tt tN NNN 
SST SPPTTTTF STV TT TPS TSE SP SST LTSEPTEF SST TTSTLTTTTTZTTTTTTTTTET=T 
[SREB aS BO UW MS a 0 OS UW dU OO UV COCOA Uy Cae Cd Cul Cas eoleed cod eegeeieegcelsmlvolumieaiealeasemieus 


Et ed at tk td athe beet hy Pd tend dt bat ed dd Pt fd Prt at Peat Pd bet Pr de Pd a et Bo tt dtd nt Pt ddd bot td et 


w w +t = 
a ” ve + Oo =O 
oO a 4 = uw ac a9 
w <a Dw a im a ao 
a oO oav -O a — oO 
Ww (Cy =, w “ z rs 
oO we now = mw a aau<d Ww 
2 UN Dwae mM = - OF —! 
ee ae ww Ate Les wn oo =< 
ex WO dauu | ake >>woa uw 
ze oe Ee Wu Ld a Ww aan 
wo We YW ahr TD ar ” Je = 
=z ua w OxO0dt+-O =D — rrDx< | ose 
wus w UWULN O w = OO Wwout awn 
sow W MU Set 2S Jewitt £¢€ VU - Vo 2 oOo w 
Hawn See Oe a Ss ee = a | ed 2) 
ue (=) Se LWOOTYe MoeeswWic +O a Oont (ae 
tH way WO Zw OFFFaLl +o a rroeO o> 
za = wotoOuw wu <tr ze iL x ua 
uw www er E HUA O OF ao ub uw OOu 1S) 

SES) O fF PDH NMZMWE = aw aint aa MoO =< nm wW 
aIr~x< Lenlan! OFA OF CMAISOS dE edb LY ao wmta 
he Ww Oo Fee WwW w Zww sjeOl}reatoteaoct >~>-Ow tl Wwr-O 
aus a ae rWEOMWD-aos aa ao a aon « =a ads 
ow WwW WE AMWWIFTUZOAWH+ & tO WeDO w aor Wr oo 

Or Ww JIZXYDHODO CMOrF SEF BEEZ wuOdoa rd (l= 
w Ww (oP seat S| ate OCATIOWIFD+OFD4D ooramM +O aww 
azo Lae) ono00 av OAAZ UME HWMrY Lohan ro 
oa BE JS Sele ee Yn 2) >o>eRrRrF FEF Eo 

=-DO O WD SLOZ5D59-LWWOUUUWOLUUWOUWO mew uw WO 
ant-Oo O LQ OH UANNMRONLOR Hey ONY Oro Q00OMM an Mn 
wy t 
at lo} NN! fF ON UN ON oOo o 
ot a 80 OFOINGDA & At ewe A SINAN Het ONOI ST 

- a BRON ADA eZ ek eNO HNO AN ON en oe 

“Om O ADD & & MOAN & eNWOMDOOAHMOO 4900000 OTDOVAHD -OnNnovngD 
D «OF we MOM OF BHO HO & BH RZ OZ LHL ee ete er 
rao ee NN we ee eB eY NE wR MR eM ee nme AdILNNMNA « ww Ho 
caw SSOeOCeZNYASCHINTHOCANZeDHAeDAD ACALHOsMHHOeKKCYHOD 
“ on on Yn nnn om J 
L¥=EzO COrLKDIVLLYOOND04F-OVAV090G00O0XYO OM- Ore YeKXKKOYO 
Orne OQwWOOnNeOOOLDCOwWdD,eSeCOreTCLOCoOxr TIOWO0OSer00000ra 
jun JI CIVIODIITOADIENDSIDIADONIDID MNne QIIYMIIIIIMN 
{=} 
Lape N mm a 
a a a Oo w 
. ee 0 4 ) ]™ ee ro ee 
wy 
a4 
°o 
oO 
On ADADO-OTMOT 0OANDOdIHaItaredadeden OTDDNDDIVDHADIVOO™ 
rm Wy FONNMDWODATHOQWAOM OWN OMt AOU IO MAANOO(NT VNMOMO 
oOo Oo WwFwWwOOIDOOODOOUW FOLLOOLOOOWOW DVWOODOOCOOOLO4 
wo oOo TODWWIOTWDTIVODVDDONODONOWDOWO OdADOTT OWWWWODYU 
vo w LOANMNTHNOFDOHADOCOWLOANM +i OOO AODVIOWLOANMHStNO 
~~ ~DVDODDWIODODODOUV DANTON AODWIPY UUYORNANAAdAadaaa 
oo oO lolelelejleleleleleleleclo)=laleleleloleolele)lelelejleleo}e) Qoooo0000000 309 
oOo oO SCOOCOSOCSGOOOCOV COCO OD0CO9D000 0000 OCOV09CT9090000000 


60 







sees 


4 


hl 
# 


sie Cva¥ aire 
ervey 
of =ty Jer 
c Gi zi 
+ i 
i 4 


nies 
rt Bs 






“al 
ons 
ae 


? 


* 
- * ‘ + @ ‘we 
Te vee - ar a ea ee 
de ‘ee Ge yaad ee * ‘yte @be q+ 
Ri pets Mbp rs Ow p can erent i gE Le 
ee eS % «4 eee 
9 fie or 4 eae). * meas ee fees ape Boe: 
ar, ok Seen eek ke war’ Sh wx 
4 
ar ' we 
~ ; D> ey are ¢ *t 
‘ ear A » ao) re Shy ts 
4 > we 
v ” a 
’ _ 


g > at ea > eRe 
- ee U cht . “, fe Hk ee hha oe a | “+e 

ate 4 : Wier Yom. ere. a = 
fe , >. J o < Laur Cw @ oe as 

’ i ; oy . We aed ely + 
Fi be ' 0: Op Wr My Pen Rica 
ep Bc eveskre 

' re Bay ene: + dab ib en 


Gh 


ne p 


5 


PAGE 
CARONUM 


06/16/74 


323 


17:10 


TIME 


IFM 


CARD IMAGE 


CBJECT CODE 


LCC 


TNO DMOANYNT ONO DHDOGANMS NOM DHROANUMPONOEDHOANMFNO-DHOANMTNO 
ASAIN ANN ANNAN NO OOM IM MO FFF PTT TT TMM NIN OLA OO O00 00 
NANNANANNNANN AINA NON NN NO OIN NON NOIO NOONN OOIONOIN N NNONN OOOONNNNN 


DOVCOO DOOD DCOSCSOO DOSS OS OO SO DO OSOSOOSOSSN SOO OO 9D OOOO OSOSCCCCO8O0Oo 
MT WODO-DHOANM TNO DHOANMSLND EF DMHOANMIMNOM™- DROANM PAO DHOANMTW 
AAA AAAS NN NNN AN NOOO OM MMO OS FESS SSS TONNNNNNNNNO 0D 000 
NNNANN NNN NNN NNNNNININ NIN NNNINN NNN NNN NN NN AINN NNN 
SRVRETPTSTTPTTPTTPTTPTSFTTTIEZPSSST STP SPTTFSPTTTSFTPTTFTTETATFTFLZLTTA=SE 
LO CUS aS a Ce CCU CRT ea UC UO CUCU UU CeCe Cole ml valved’ miUGdemicmlsogcmlead ems CmivageGi ca UalUmsailoiecleatemilaseas om 


dt dt et dd td tad ad mt Rd ed mtb Pt Bt pt ad Re Pa ed nd et nk dt Pt tt amd bat et ha td dt tk bd Bt hat 


oO 
” w 
us oO Zz 
= w i) 
col a 
= w 
oO n 
pe = J 
[= 4 = i 2) 
a a a a 
- i. n 
” oO oO 
[od = a = 
wa Zz lanl 
te oO a Lot 
2a - <a 
Lal 4 et fa) 
Or amao a 
a oO nF 2 
be - 
2) ws = 
2a = rw 2) 
wi w asa — 
= ZzwJ4 2 
wr Dw 4 
co Ww OY w 
OF > +0 
aw ole tj i=) 
uu = oM oO 
4 © 
- © oo 9D 0 
oa ee em ow 
aene At AHA sto 
ed NN ew he me ee HO 


Lal * Sion s Me Mode Ale dale dale dans am) 


a 
OxvOrererdrroroxvor 
BQ0000%G'r-OrOFf OF 

w 


nn 
(S) 
a 
qodtssjosuMaivninainga 


SPR 


ADHOOEOAHNAMA OA 
ADAHNOD Pata 
OHAODOOAODODODODDO 
WONONWWITHORBOTHOHO 


PPTOVIIDUILOANYTOHOYDO 
aaadaarad2ODoODdOnDoD 
SOCSC9O0C9DCO0000000 
lelelelelelelolalelelelelelslele) 


ADD 1 TO FILE PW 


GO BACK 


ain 
aN 
on 
vo 


Wot 
ow 
oo 
oo 


SUB 1 FROM FILE PW 


GO BACK 


C107 OO3E 


6FFA 


61 


ADD. TTC FICE “PRI 


GO BACK 


o~ 
aN 
on 
oo 


wu 
am 
oo 
oo 


SUB_1 FROM FILE PRI 


GG BACK 


SET HISTOGRAM LIMITS AND DEFINE STORAGE LOCATIONS 


oa w+ 
a ®D oO Jw 
awtEtony4 aIN 
OFSONNL OD LHO 
PR COUN a UN ae ot 
-t 


oO 
VUVANNMIMNDOM 
QN0009000000 


wn Mw su 

a OIOO4e-4 + 
[o) qn JIHxX FE 
zt OUwULNw 
x Fwoorza 2 
nao lo} AO 
Au Oo wo 
oOo oa at 
lolo} «4 a4 


Mt COCOFAANMNS 
OY DOODBDIOOO0O 
oO OCOMOYVOadadad 
O00 AAA Asta 













ohY | A 


; AT 
Brn Pic 









: a 





fa: 


9 


692 O892ni! 

892 0L9¢wW4I 

Eve 0992wWd1 
WONG avd 

39d 42/91/90 


E2:OTzLT 


s3WIl 


S604+VLVG 
viva 


ON3a SINIG 
39 
30 uvivd 
JOVWI Guvd 


£0v2 
vOVT 


3009 i33rs3 


S 
> 


03 
03 
30 
ad 


T 
T 
7 
I 


N 


& 


z< 


i 


ne 


@ 


OStECi CBSE 


Tor 


Ths 





1 
TCT TIME 


PAGE 


IMRIITR 


18:07 


TIME 16 


DATE 06/16/74 


ATAC INSTRUCTION LEVEL SIMULATION 


RO Rl R2 R3 R4 k5 R6 R7 RB R 
0000 0000 0000 0000 0000 0000 0000 0000 O00u0 00 


OPER 


INSTRUCTION 


PC 


DOOD DON DAN DN DSF DO MO OM OFDM NONI DD DMO MAO AIDS OSFOON MS AOGORMAO4D 
cere ee ere eee oer ee eee eee ee ee eee eee eee eee eseeseseeeeereeseseeeoee 
DODO AN FINO DO OAAN TNE DRA ST OD DONO OS TO AAAN OME DOOFMITN ONE DOG 

ht INI AIN NIN ID 9 9 0 OOD tt LONI NU OO 


MOSDCO DO DODVGCODSVSDSC OSD DO SSN SV SVD DOD OSOS9SVSOVD COND GOSO O990NOS9N 00900090000 
ODODO OV OVOOSO OS SOS DNV DO OCNGDOSOSOS OSV OO SOO SCSOSN GOOSSOV GSOODBO9G90C9OD909000 
SCOSDSD CO ODSCO CO DO OO SCO990009009 COSCO SOSCSCO COSCO OO OOCOOCOOOCOOOCoOO 
ODSCO QI DIVO DO DOOSOSOOSOVSOSOSO NV OD OOSOSON SSO OSV SSVOSV 9OSNOBOVOVOVOOOSD 
OVOO DAD DV OD OODSOOSVDSOOOSOSSN DN ON ODVSOOS SO SSS SO SOVOO SOS SS SSO SOVGCOCOSeCCOO 
DOSCO GO ODDO ON SOD OV DO OOS SOON NVI SOSOSSN SSS VOIOGVOSC SON SSOSOSB9OVGOOC9V0C00O 
COCO DD OSCVVO DD OOOD OV0909900000 COGDOVSOOCOCSO ODSCODV OOOO SCSO CSOD 000000 
SCOVOSO SOOO SOD909909090090500900 SOD0SCSCSCOOS9D0OV OVO OSOO9090SOSCCOS000 


NANA PAA AS TT ANN GANN ENGIN NN ASS ENN NAS ST PARANA ANN ST AS ANNN 


oa (>) Q 
eeoerlreree eh ee eet eee eee eee eee eee ese er eee eee see eee sere eee eee 
uw Ww w 
uw uw wa 
Ce 
Ww 
eevee ee seers ee ee ee ee sees e reer eter seeeeeese eee eee seeereeaneee 
uw 
w 
eeoreoeer eee e eee eee oe ewe eee ee eee ee eee ewer eer sore esreeeeoee eee 
eoereerer ee ee etree ee er eeo reese ee eee seeoereeeeeeeseee sees eeeseeeeeee 
fo} 
sere se esr ee ee eee eee eee eee eee eee e rie e see eee eee ese eeere ee eeee 
uw 
Ww 
a 
eevee r ere e eevee rere ee see eee eee ese tOeeeseere eee sees eeee ese eeos 
Oo 
°o 
Oo + o 
eeeeveereevrerereereeeeereeeeereeeeeeveteeveetfes eevee eeeeerseeeveeerDee 
o o ie} 
= a oO 
o a 
oe eet er eee eserves eemee ee ee ee eee ee eee ee eee eee eee ener er eee eee 
fo) °o 
o t=) 
N ipa) ° nt 
CoM i i i lok Mr i ii i i i Ot Plo l i lolol mm my 
oO oO fo) lofe} 
oO oO o oo 
te} oa 
eeeeveereeaeeommereeete eevee eevee ees ee eer ee eee eee eles eer eee eevee eee 
° fo} 
fo} oO 
ca 
eevee eerreerrOeeeseee eee eee eee eee ee oes ees eens eseeseeereeereves 
to} 
o 
severe e eres see e eee eee eee eee eee ee eee eeeeseeseeeeereeeereeereres 
seer ee ee eee sere ee eee eeeeeeeseeeeeeeeeee eee ee eeseeeeeeeresee 
o oO oO ao i=} 
eevee wDMeeeeeMetOQOe ee eevee eeeeeereereeeeeeeerenjerOeseeevr eevee ee 
jo) oO oO o [o} 
°o o oO °o fo} 
tT ao + ao uo a oO 
ee sO ete eeDdeeOreeerOeee ere eeere ee eevee ee ee eOes2O eee erOseeeeeeeeee 
a <= <a a a a <a 
Lon - a lanl - Lal Lond 
o oO o o o Oo NO Oo a foal oO te} N os 
ao ial ° oO o o om TO o N io) o lo] Oo Oo 
oO oO ° to] =) Oo oO OO o oO fo} ° oO oo 
o o to) °o to} Oo oO «4 o ° o °o oO oo 
= 0 o OF ~ oO 
4 4 - - tm me O foal . - 4 
o e4tOd DO ft ONL N at eHtaHto WwW ~erod DO tft ONL N te 
THLODOCOCOW LOAO ONMNAO DULADMODMO W mnoow LOR ONMNHO OLS 
OuUDNOOOUW LOrO DOULOO DLOMONMOD wW LOOWwW wOrO DMOUOO ALO 


LNSTALORDOO euLt LOOO HOUTOMAUL dHOne ANOTLO eLSF LOOO AOUTOMNAuU dS 
WOOF 804 & BUD & Bm mm RL wm med or mm ee TO Om me OLD Br Bm UD me et ed eB et 
OdW OW & SOHN ONAHO RONM &O HDD HNO DDO KHHNDOEOANO eNAHO 8ONM © O DOU & 
CA HO Mae we me ee ee Om Bm OHO HR HOR Rm OD mtr mR eR Rh NR eR Om HHO MRO HK HO 
eR RR eH MINNIE MIX) OK) & OY) HE KY) HK HN & HYNNNNN EA HMM KY) & KU) & OD) KY) 
DS tt et Oe tt ht OF et Or OO Ot OO OOM ME MO rt OO eS OOO OHO 


> 22 = 
ZETA SLCOOOOr COCK OLCCOCLKOOCVUCCOCACC Ae LCYOOOSOE-HOCVOCCOCXKOOCONX 
mes OOF OO CWO OF ODOT OUOOZUCGE- Or OOO OF COOG WOCOrOOVCHOU0OZ0kr 
Mant sSIjM Oat Oe VOI ITI VOI I oD NIA NOAA CT IOUVNAIVIOIII TION 


ON FTODIOWANOATSFOHOEODDIDOTAMNOED DOW AM SNOR DANN SNORE DDINOAMNOROS 
tt IN NIN NIN NNN DIA DI ADIN O DOD OD ON NN NNN NINN AI 
SDOOSCOCSC OS SCO SD CGOCOCOVDOOOCOCOVCO CO OOOO OOOO OCOOCOCOCCOO OOOO 2D0000000 
OOOO SOSVCS SV SOSOSOSSS SSS SOS SOS OV SSO SOSO SOS 9OSSCOCO OCOD OOOO 0C0O0 90000 


63 


o.9 a9 « 
oe“ he * 
« ‘* . 
eae * 
* ** « 
sea ‘ 
> 
over , 
- . 
‘wan 
‘see @ 
5, 
ata 









We 


ro ‘Seotagieas faniegsevenly 


aeteaee ee 


















oodles 04+ aig vile eee ® Payments eee en eke ns ees 


‘ D7 


* eaait th ae 
Ca 7 


oe ey wade 


*evrere setae 


Pe ee | 


ere ev e8 PP ee 


sede nt eee 


% Vel a a 
ie A Se 
eee > 


= *hnet 1 Sweae 


1 


12st ener 


«sana 


ewe ve s~w oe 


a6 oan oe raven 
: 


a 


(eho ee Oh OO ewe ee we 


ereeer yey). 


« i ol > 
TREES LL Ssh: + oem coco a 


‘ e* ‘ ~* ‘ ‘ow ever er eee eas 


t 
e% ¢ seeewd wee eeeee lite) ive.) | 
be rsp vorerery: lS 
a Fy 
. LY 
< - t 

, ‘ ’ . (eer De One ied iad 

. bai aie Ih 


ware 





. A e 
’ 4 

or ate Akeni ayipee a Bo 

a ay ag athe ors. aan des ceded t 

j 


ave pryh ye ere ane ua 
Pm hy bye P-pn nin 


a 


™ 


2 


PAGE 


o7 


DATE 06/16/74 


ATAC INSTRUCTION LEVEL SIMULATION 


TIME 16:18 


WW KAEMMRADOLINAD SOLO OER HOF OF MONTANE STO HOOTODSFOMOMS AAHVORODAONONM 
bs eevee r ete ee eee eos ee ee eee eee eee ee eee rere eeeeseeeeeeeeeeeeees 
HS MFODDADROND OP EAN MMNO DD DON NMA DAA TONOAN NOS DD HANOI cm O 
Fe DODD D DOME EE DDDDDDDDDAAMAAANAADBOOOVOOO0 44 AA AAs AN ANNAN 
DA AAR AI I Rt ttt 
— 
oO 
= 
eC BOSCVDDCDVOCVCODVDO DO SCOD DOOD OD DAD SCSSNGVVONVOSOO OSV VON OSS SOV GOSCSOCSGSCSeSC90O 
Pn olelololelelolelelelelelelolelolelolelololelelelojlolejelclololelalelolelejelolajelelejelojelololojolelojlelelejo) 
ololololelelolelolelalolelolelolelelelolelolelelolelejololelelelolelejlelojojlelsjclelelclojoloelejlelelejelelejlelo) 
— S—9DDNDND OD DOOSOSDDND DN SOSSSOOSNOVTOSO SCAND VDOD OAGSOSSOSOSSOSOS ON IDO SOS SCNVAeSeSCeSC000 
eC BDOOCDDOOOOCOSO CDOSAD OSSD OO COG OOOSOSO SCO OCOOV OSV SSCS CO COS SO CSCC SCoC0o 
HZ COSCO OTCOSCOSOD DODO OO0OD CO DODO OVOOSOSNGOOOSOOSOSN SOSOSO SOV SOV SCOVI OVGVOV9O9CSC9000G 
= BDOOOCODVOVOOOSO OOOSCOSCOOD OD COV OOSDOSOVSOSOOSOSV SSS SOS SSO SSS CVV OCS900000 
BDOCODOOSCOOSO SO ODO SOSOSC OS SOS OOS SSDI OVOOSOSOSOS SS BOSCSOS SCO VOSCCSCS000 
a 
O NARA AINNNANAS SPS ANNSAN NS A AANNNN AS ANNAN SPT PANN SANN THAN 
=) 
na uw uw 
~ALereererereerehezee ees e ee ere eee eee reese eee sole ese ee ee seer eseee 
cw we uw 
w ow uw 
To 
ADdDeseeereveereereveeeereeeeeeer vere eevee vreereerers eee rere eee eee see eeeee 
co 
o 
mu 
ram ee ee ee ee eee ee eee eee ee eee eee eee eet eeeeeseeeeeeereeseseeeesere 
ow 
uw 
NO é 
etOrteereeeteeeeeeeee ee eevee eveee eee eevee eeeee eee eeereeseeeee ee ee ee ee 
ao 
o 
cee) 4 
HAOeteereeeee eee ee ere eeereeeeer eee sees eee erie eseeese ee ee eres eeeee 
“co a 
fo} 4 
oo 
Val 5.6. 6.8 6€'O 0.6 6 8 @ 886. 0 6 6 0 6 a's 88) 6 Chee 2 6:8 O68 8 Oe Co. 6 DO a 6 6 6 Bp eB) ea 6.86 B04 6 
ow 
w 
o = 
NOrtreereeeeseeseeeeeeeseeeesvseseeesees Oe see eeeeereertreveseseses 
“Zo Oo 
°o oO 
° to} + So fo} + oO 
DO*+*MereeseDeereeeeeeeresesseerrOrvr ee erveseerreetereeeeeesese se eO 
co oO io} oO o oO oO 
Oo - Lon! Oo el a4 Oo 
a va) (2) 
Nee eee eee e eee eee eee epee e eee ee ee ewe eee eee eee see svt eeeereee 
“Zo io} oO 
o to} oO 
rw oO ro ~- fo} @o 
WD *Oee sees ee eee eee sees xsODe eee eOse severe see ee ser sree s-SerSGoes 
“£o Oo Le) oo to} oO oo 
oo to} oo io} to} 
al uy (2) 
WN ee ee ee eee ee ewe ereer eer ere eee eee e eee eee eee eee ee orteee eee ee eeee 
“co So i=) 
° °o oO 
a ~~ fos] 
tTOreeeesreseeesesetOvoeerese ees tesetoeseseereeseeceereroNrteeoereseseeese 
aco o to) 
oO °o o 
oO 
MOteteeerereeeereereeeesteeneseeseeeereereeseeeeeseeseees eevee sreer eens 
co 
oO 
fo} 4 a 
NOsteeee essere rriiseseeseevreseeeeereeereerereeesneviiertseroereeeeones 
cro (a) + 
o - N 
o w to} a fo} 
aADOteeeeeereeeeetesDOeeee eevee esee eee eeeeere eee evrertse*#Ose ee ee eevee 
aco o to} oO 9 
o oO o o oO 
1S) o iS) o oO t+ 
COeere see ee trt ese eset steve eee eee eee eee FF 8 tri Ports ee ets eeeeeee 
cet at <a << a <a <a 
+ 4 4 a4 4 4 4 
eo OW Qo wy Oo to} st Oo UN OF = (=) ° o Se o 
w WN WO o Tt =) oO Oo Oo OF UO fo} a4 oO to} o o 
ao oo oO i=] oO Oo to) o O00 Of oO jo} fo) oO o o 
Oo a0 o oO oO o °o oOo 90 AO Oo oO fo) to} to} to} 
o oF = Se) Oo of = Se) 
- -*+ O - . ete or O a - - 
AHA kL ~-stod BDO ft ONL N At eto WwW tort Bo ft ONL N 
Zz 7owmo WwW amoouw LOH ONMNHO DLADMODO W aoouw Londo ONMHAO ©O 
O BODO w uwoouw wOrO DOLOO WLOMOCOD W Look LoOrO DOLWOO OD 
— HO FNMOTLO eLSF LOOO AOU DOM su THORS FNMTLO NMS LOOO HOUTOMe 
RO RRO nm LD Om rd LN mt mt ee TOR Re RN Bt Re mt mde 
VO NODOD HHNDMOGANO #NAHO © ONM &O HON HNODDO HANDEOHNO #NHHO HM ONM #0 #O 
a Se oh on bo Se oi om ei em fe ome ee 
CL MMH 7 & HNN EE HMM KY OEY) & HY OOK ORK OY) ENN NNN HN KY) OK) & OY) OOK 
FF OM OO CA MO OCs Ot CO OM a OHO OMOOCHAE ONS SHO Seta sr OM Ome 
“” 
< = 
S COCO CCCYVUOOOrCUCCOCEKOCMOOCUCCOCCCKLKLKYOODVtI-YOUCCOeCCOeCKOOe 


PC 


FOO 0000} CGOOCWOCOrOOONCOQOZO0Cr+OOrF OO 0O06+--COOCWOWO}-OOOGON0Z0 
Yd 4M JIMA IO CDI IDO ZT ONAN ned doe OUI Od 


OWLAMN SOO DANY FWOE OHIO OAMNOMDIOWL ANSI OM DOAN TINOMODIADOAMNOM 
WAND DDD V DON NNNN NAN NNIN IN NIDA DA AUITII OOO OO DONNA NOI ONO NUT 
SOSCVOSOSVSCOSCSOOSOSOSSCVOSSS CO VVO SOO COD OCOGOV COG VO OO ONSOVCOCOO0O000000 
jeleolelelelelelelslslelslelelelelelelelelelelelelelslele|sleolsleleleleialclelclelelslelelelelelelelslelsjiclajlelo) 


64 














i 


xen See ca 


assay sili saa a esau eo 


‘eva nng eae rele iil ay mi Sa 


7 eg 
« \ vesde.de $6 v'ca41 om Gen pled eee eerie reat ta 


i » 
7 > - | 


oe a 
, | 
ae oe he ee Oe Sate: 

f ? “ 


Oe eee ee ee 


- 


‘o~ P 
se ewee te SRE? OCR eee aoe nee es ep eeee 
oee4 @@@ee eet lib tessh= fee pe pee bee ee eee 


eiAntveerebaetoae 


. 
* 
« 
‘ 
* 
« 
7 
. 
. 
* 
» 
. 
. 
. 
- 
* 
> 
* 
- 
. 
* 


snes odiw new at dis te eee ee ee 
8 3 = 
e ~ « 


gen Ss ae eee ow arr © <i) oo aa 
al 
© 


ae 
{ 
: 
; 
; 
: 
‘ 
; 
* 
: 
. 
Wea 
* 


\ = * 
e* svaee ~.¢ ee * see evi ae Aierp oe COTA * 
ed 4 
2 
** ** - - ser . . >? faa 
cu bo 
r*-f * ‘ ** a ‘ere Fe » 


wage 
fept fore 208 


: 2 
. *- . ’ iege « - 
~ s 


i 

<i 
A 
imen 

ae; 
oc 
7 Ov 
iy 
ooe¢ 


“= ae 4 
a . na Ss | 8 
. te ow ie Lf 4 
» -* ot Meek Palle AVS 409 » 
, " ~— “* . «er Pies 
, = ~ Mites Tihonting a rarer ee 2 meee e. 
‘ u 1 Oe Rie a oe a + Pec Mem * 3 
; ° ‘ oe. & <a bei hte ® 7 tm hr = Zz. 
s ‘ 4 U9 as QE, San ed wes wate Gi dg A need get me 
Sd t 
~ 


x . a 7s ‘ wig he 
ee CI eee Resa case 
; penhd i par aires ah: Canbae 


tioee Peis a \ neeboe pe eres a+ 4 
Tua Gera ape a esau ees eenerer + vite ti) 


LLS 





1 
TOT TIME 


PAGE 


IMRIITR 


=11:01 


TIME 17 


DATE 06/16/74 


ATAC INSTRUCTION LEVEL SIMULATION 


1 
QO 
(0) 


fe} 
(0) 
0 


INSTRUCTION 


PC 


65 


L TERMINATICN AT 0023 


ood 


3 ROR RGR RIC kak te a ak 2a ea ak a ake 2c ake a ak akc ak 2 a akc aK 2 


SUG CR IO lagi aR a ak lok de at ak ak ak ai ie ak ak ae 


€0-30° ante” €0-3e° £0-3¢°7 €0-39° 
soe $0 Soe 56-305" ee 
T 39Vd vHi2T=LT SWIL 42/91/90 31LVva 


| 


9 ke ae ae ak ak ake oe a ok ak ake ake ok oe 


i 


SA CE ROCIO IGOR IO ICR aI OR II IOI IRI I GK aI AIH aK ge ak as a ak akc a ak aac fe ak ak a ak ae 

Sek ok fee aki ke ak ok ak 

BORO Rok to kok ke teak 

Seok ok ak ak ok ak de ake ake ake 

aH de a ake ae ok ae ak ok ak ae ak 

RE AK SK 2k sg aK oie 2c ae a ae ak oe 

Soak Rooke ak a ek ofc de ak ak ae de ak ake ake ok ae ae ake ak ea ak 

Poke aR aK a ROKK Kae ROR ak ak ak ak ak ae ak ak ak kee 

| Fea kak aa Xe ak ake ok ae 

2k a Re ak eke Skea a ak ake ak akc ak aka ake ak a aaa ak ak a ae ake ak aK ak a a ak 

AGRO ICRC OI IC oi iO IC ik koi ak ac akg ok ak ok 

SEG IO ICR tolok i x aiagoi ak ea kok ek ak fai ok Yea ak ak ake akc ok ak 2 ake a 

j eck FR a kk ie ak Rooke tee 

9 kek ke ak ek ak ak ake ok ak ake ak ic ok ak ak a 

! SIR Hoke teak ge ate ke de de ak 

ZORRO ICO i kok aok dak ae akakaak ak keke de fe de ak ake a ake ake akc ae ak ake 

FO OUI ao a a KoK GR ao ik kok i ae a 

SIG ROR EI Oia & ak goad kak ak ak ake eke ake 9 

JCI ORCI CII IOI IOI IK I I ORE Ie tok ak a ak ae ate ak 

| | ORRICK kok tok ge ake a akc ake ie 

BOCK RO IC oli taiok ioioiaick gk gk aOR CR I KK ak gc ak acai ak 

| | | AOROROR Oak ake age ake ake akc ae ak 

BICC IO OR (OR IGIC OIC CI COC I ICIOR I ROI aI gk aca a Xe a oleae ge age 

| pe Seen 
€0-347°2 €0-38" £0=36°T 70=-30°9 


SWIL NOTLNDAXS SA NOTLVIO17 WVYSOLSTH 


0-30°¢ 
SONQ93S 


) Pk Tes | fret first Fea Deere PS BINT ist Pe Tal Ban Tash al We Bet Tet Set) ak 


Daly Tee aaah a inet 


ONANNNN MOM MS ST TIT FTN NNN YO UNDO DUKE RE REE ow DO ODDO 
DODYOVDOSOSSSNOSOVOS OSOGSOSOOSOSOOVS OS VOSCSOSOVVSSCSSO SO OSSOVOASVYVSCOOV9O9N9O0SCO000090 


MVDIVIWONTOVIVUON ST ODQIUWONTOVDQIUWONSTUDIOWONT UDIQAOUWONTOMWIUW 

ZANNNNAMIAMMONMOS FPP TPT PONMNNMNNNN OW 00000 0REREEEEEODODODDD 

OVO CVVOSCO COO SS SSS SOO SOSOSOS SV OS VOVOO OVO OVV OOOO VOOVOGDVOV0000 

=OOODO VO OOS SOS TOSCVOSO VO DOOO OO OOSCSOS DO OSOOCVOOCOOCOSCSCSOR000000 
! 

IO O DOW ANAM OA DOW AMY D DOW ANI ODOLANNEKODOL AOE OOOW AMID rDO 

AODVOSO SOON SCOSSVS OSD VOSODOSOSSOOSSOS SS ODO VOVONSOSS SSOSOVDSO SOD DVO VSGOVO0O 


eI 


NITLVIAWIS 


66 


¥ 
» r 
ea PC, 
far ie aN? | 
" } ‘at 
; vt ay 
ide eur 
U he 
' 
} 
¢ a 
] 
Zz 
- 
¥ 
. 
é 


Se pear rer rcs yt ; 5 
ee ‘9 nce Sale 5 
ie Ome eo a pe aaa : ra 
{ ‘ei PRAT RE 
‘ i Sei eas sees ale 8 
- 6 Ce reve fim ae 204" sesh 1! oe & 
\ 


; ; 
rte f (oemawee 
oT . 


fee aster 427068 
@er > dees b= carer 


cus aee 


: 






| ae 
aine* 


2 ©@@ THE ee 4s 
eae 
sore 
Peer e a eee b> 4428 &2, 
O68 to 6 CECE de - 5 Oe: 


(=rpere 
ee ane <2 0S ee rr 


00) 





2 


PAGE 


44 
+ 8E~03 | 


3.00E-05 


6.00E-05 : 
4 


4.2E-03 


DATE 06/16/74 TIME 17:12 


* 


SECONDS 


LOCATION VS EXECUTION TIME 
. 2E-03 8E-0 . | 


SIMULATION HISTOGRAM 


t 
* 
* * 
WE? He tH 
% KH oe 
HHH HET 
oH COHHHHHHHH CH H CH © eH © Ket 


NONTODIWON TODDOUWON FS OWIQAOWONT OWDTOUWON 
ZAWDRDAOOOTASIaAdaaI SI II DODODNDMNDVVVO0O00090 
ei Slolelelelolelolelolalelejlelelelelcjolejelejlolelejleleicielelejajeje) 
RMOOODOVDOOOCOC OSC DO COO TD0OS00000000000000 
Le a Pe SE Ja Ty BG PE CTU TE GAT PSY Gr BO PLU at Poth Teas eet At Poet Van Na Se POT Ce 
ALAMO A DOL AMS DOOLWANMEDODOLANNY~ HDG 
ODMDPMAPHOAND Adda AOOMOVDODDVVVVUYVUVUO 
OVO COOVV OOO COOVVOOOVVCOVODVDOOO9VOV0GC00 
AVC VOOVO VOCS COOOC SOS OOO VO OOV SO 39000000 


67 











7 
» 
7 i ‘ yy 
yer a 749 
oY) Mere ai /-¥ _ 
ris), wiki, A 
wl . 
a § Pp) > 
a 
we ¥ i 
’ A 5 
at, 
; ; mth t 
ne nid 
{ ; j 
" y 
: j ime 
ball 2 Lae Ld 
i LF, 
a 
A 


at 
a ee 


NT a oe es 





—_- ee ee 










ating or a wa eet ed es 


es <i i operas 
, | 
: 
4 
. = 
& 
SE a = 
ct me - 
i" 5 
~ 





2 


PAGE 


11:01 


TIME 17 


DATE 06/16/74 


ATAC MEMCRY DUMP 


ODO BDOOCVCOVSOVSCOSVOSO SCOSOV OV OO SCOGVSOV OVGDVOOOVOGSGD DCOC9OO AB0O009D000M 
DO CDOOVVOVVCOSCSOSOSCOOCOSOSSO SOS SDSCSVSCSOSO D.VCVVOOVVOO9ND DOVSO MOO090D0004 
GS WDOCOVOVOSCSOOSV OO SDV SOSOSOSVSVSOSGOOV SN SOOSCOVGOSCGOSON BOO9D0 CO00S00900 
D9 BDODSCOVOOSOSCOS SH SSO OSOSOSOSOVOODOO CO SOVCO9S9D CO09D0 GDOOG00000 
O NNOL FOODPLIFONWLOOFINEOLLYUEDNEIFULORWEONMNO DOO0OD CO0000000 
DO KDNADNAWOONMIDNADONWMOIO™ COMM TaAMaHWNIUtO DOOOO DHDDDDDODO 
DO OCANMMVOTFAANNDN ALON NOUS NOM POWUMFONAIDQOO COOCOO ANN ADOLO 
ODO BDOOTSTOOSCOAQOOOCOAN DODO OCOSC COR AANNNNNNNNNO OO0O0O0 aaa aHO 
DQ AHADANNTMNMNNNANDODONNNOS IOWWWWWODMNOAMAMSTO DOLOO NOOCODS99000 
OD AMMAMOVDIEEEEANDONNNNE ON At tt TAINAN AAHHO COOCOO +090000000 
GO SCODTSCOCOCOHOVOOOSC OV OWOOCOVCOOCOOC OC OOOO OCCOSGG ABO0O00 ODOCO0C005S00 
GO CBOVVTOVOVSSVSOO OO SCSOSOSOSCSOSCO SOV SOO SVOOSOSCSCSVOGD COOG00O VBOOC00D90000 
DO ASA SE EEE OMMOMAARDODDDOEEE RHA HDODAMDSStFFO DOOVDO DODOCOCOOD0O 
DO ANMMAHAHAAAAHHOOOONNNNOOOOMNMMMODOOODOO900 CO000 rtt4rttto 
SD CDOCSCSGOVOVSOSOOSOSO OS SDVOSOVD SOOO SOS 9SOSSOVS9SOS9S09NSN BCODVDO AMNK-ADOLO 
DOD BDOVVOOVOVCSVSOS9SSO G9 90000 50039000099 39090009090 BDO000 Haas AHO 
OD BDODOCOOSCOSCOSSOOV IOV ODO SOS DGD OVO OG SOSSCSVSVSVGSCGO VCO000 AVCDOCOCCOCM 
ODO DOOSCOVOVSSCOSS VOSS OSCSOSODSOOSD VOD OO VOVVOSV9900 CO900 sA0O000000— 
SD SODCOOOVSVOS SSO D.COSOSOS.VSVSOOVSVOVOS9SNGVSOSOSN9OS99N90N OC9D00 2000000900 
OD BDODOCOOOSCOSSOSV OV OS SSNS SOOSSSSV SOS SOONVOSOSGSOSOON CO9O0G BWDOCOO0C000 
DQ AFOWLOGUILMONTNOOCONEDNNDODFTOOMNGBAMNSNOWO COOROG WOC0OD0000 
DO DONYWOFNOWWODMORWONOATINAWWANNODWOOFTDWNO BOCOO DOO000000 
DGD DAAMNNOVOONT DNAOONNMNTON DON TFONONNTONSIAINGO DOOCOO ANNE ADALO 
DO DOVOVOVOSONAQYVOS OO AND OOO V0 COFAAANNNANNNNND OO0O0O0 FAdtesttasHAO 


DQ AAATNANNNONNDODONNNODWWOWLWWODOOtTLFIMO OADOD DOOO0O090900 
9S ANMLUDVOFEEENNNONNNANE 44 t tttaINNNdaAAOQ ODHOOO NOOSD03D000 
9D BDOOCDOCHAOGOVOVCOCSCOSOSOODOSCSOSO SS SOSNSCSOSOSOSOVODO0O000 90300 C00000000 
DO BDOSDDSODOOVOSODOU OONV OO OSOSOSNSSOSSSOSSSS9a SSO s0000 SCAO000 BDO900090000 


DQ AAR E EEE OMAN ADRDODDDODEEEE AHA AHDANADS+IT+FO OCODOOD CDODQ009D000 
FO ANAM AH4S4HqHdHOOOCONNNNOOOCOMMAMMOQDOOVOSD90OOD COO909O COVLVOU0U9O 
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APPENDIX D 
THE IFM DIGITAL PROCESSOR PROGRAM DETAILED DESCRIPTION 


A. PROGRAMMING 

The coding used for the ATAC Assembly Language Program 
was developed by encoding each block of the algorithm flow 
chart of Figure 1 separately and then linking the blocks 
fopether. “These coding* biotks°are'deseribed below. 

1. LOAD DATA FROM DATA STORAGE. The data loading 
eperation” 1s’ critical’ in’ that’ it’ requires’ considerable 
execution time and is required for every pulse. The most 
efficient load instruction is the RETURN which is designed 
to return stacked values. This instruction automatically 
fetches a sequence of words and decrements the address 
Porncer, In wsing: this Gnstruction in. this application, 
prior and post operations to the address pointer are 
required in order to keep the pointer at the proper location. 
fhe sequence required Ws’ as-‘follows. ~The ‘actual instructions 
are indicated. 

TOP ADD IS,0,4 Add 4 to the address pointer in 

register 0. 
“ADD A ies ype Las Mel Increment Program Control Pulse Counter 
BRCS Z,DONE Go stop simulation if enough pulses 


have been analyzed. 
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RET DR, 054 Starting at the address in register 0 
decrement the address and fetch the 
COMteNnts Or the address. Repeat ‘until 
a°Vealues, have been tetched. The, re- 
turned values are stored in registers 
1-4 in the order they appear in memory. 
On completion of the operation, the 
adaress pointer value is 4 less than 
at the beginning. 

Zz.  WATA AVAILABLE?” To test the contents of register 1 
an operation has to be performed to set the, condition code 
register. The operation selected is to move the contents 
Po ceeisecer, 5 Lory future operations, Register 1 will tacer 
be used as a general zero contents and indexing register. 

EUR] Ws oe Load the contents of register I into 
repaster 5. 

BRGS Zz, TOP If the contents of register 5 (frequency) 
are zero, branch to the beginning (TOP) 
and access the same data block again. 
Ents Sets up the no-input data idle 
loop. 

3. ZERO DATA LOCATIONS, INCREMENT ADDRESS POINTER. The 

_ frequency word location in the data memory is set to zero 


indicating the data for that pulse has been read. The address 
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Tooter an register O0)is\incremented to! point at the iocation 

of the data words of the next pulse. 
LDRI s ISi,ids, 0 Load 0 into register 1 
STR RN, 0,4 Store the car oni: of register 1 in the 
location whose address is the sum of 
registers 0 and i. 

ADD ‘1S),0,4 Add 4 to the contents of register 0. 
Set, the: datay file pointer for the next 
pulse. 

4. FIND CONTACT FILE NUMBER. The frequency word in 
register 5 is used as a)relative address: for entry ainto'\the 
frequency file. The frequency word is copied into register 
7 so that it can be saved in the event multiple files exist 
for this frequency. 

LDRon Ria 05 Load the contents of register 5 into 

re cuisize nic7i: 

FLINK LDR DX,6,EFILE,7 Load register 6 with the contents of 
the location whose address is the sum 
of EFILE, the base address of the fre- 
quency file, and register 7. 

iy. WAFL LEVEXDSTS 2) « ed nich ft ibe: fon ches: frequency: has 
been established, the contents of the frequency file is 0. 

A branch on condition zero instruction is used. 

| BRCS Z,STARI If frequency word is) zero, branch to 
STAR1 where a file will be created. 

6. FIND CONTACT FILE ENTRY ADDRESS. This instruction 


is executed only if the frequency file already exists. The 
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dower byte) of thesfrequency file’ entry is’ the relative 
address of the proper contact file entry. This file has 
two words, the second word is the pulse train file entry 
address. The coding to achieve the linking is shown below. 
At the start of, the sequence, the’ frequency file contents 
are in register 6. 
LDLB R,14,6 Load the lower byte of register 6 
into register 14 
LDR DX,8,TFILE,14°: Load register 8 with the contents 
of the address formed by adding the 
contents of register 14 and the value 
ofCTFRLE. 

7. PW = FILE PW? | The*most efficient coding ofthis 
algorithm step depends on the relative frequency that the 
condition is met. If the average condition is that the 
incoming pulse width at this point will be equal to the 
file pulse width, the most efficient coding will return the 
first two words of the pulse train file together. If the 
branch is to be taken, the most efficient coding will 
return just the single pulse width word. The latter con- 
dition was chosen. Using the entry address contained in 
Fegister 8, the first pulse width of the frie’ ‘i's returned, 

compared to the incoming pulse width and the appropriate 
Reranch taken. The ATAC instruction set contains a compare 
between limits instruction which would perform the desired 
operation but it does not have a mode that is compatible 


With the program. The use of the ATAC instruction requires 
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enough manipulation of the contents of registers so that 
it requires more execution time than directly coding the 
individual steps. The coding for this operation is as 
follows. 

EDR WRX, 93,48 Load register 9 with the contents of 
the address formed by adding register 
8 and register 1 (register 1 still is 0) 

EDR: « R 513,,:9 Load register 13 with the contents of 
register 9, This is done to eliminate 
the requirements to load register 9 
again. 

SUB R,13,4 Subtract the contents of register 4 
(incoming pulse width) from the con- 
tents. af register 13 and «place the 
results, in ~regus ter 13. | 

BRGS PP, TEST Lf the mesult1'5 positive :branch to 
the positive test (skip the following 
INStVUC ELON). 

DAC) KR, 23.; 15 Load the arithmetic complement of 
EECrsten 1s intovregister 15). 

PEST SCMP yiSs1 334 Compare the magnitude of the pulse 
width difference in register 13 with 
the threshhold value 4. 

BRGS .P, .NTRY Lf the .contents of register .15 is 
greater than 4, the branch is taken 
to..location NIBRY which is the.address 
of the beginning of the LOOK FOR NEXT 
FILE routine. 
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8, HAS PRI BEEN CALCULATED? The contents of the loca- 
tion following the pulse width word in the pulse train file 
Sone FRE control word. “If its "contents are positive, a 
PRI has been calculated for the pulse train and the contents 
Bf the word 1s “the value ofthe PRI. If the contents of 
the word is 0, the pulse train has an unstable PRI. In 
both of these cases, the program should proceed to update 
the pulse train file data. “If the contents of the PRI word 
are, bess than zero, the pulse train file is still? buaiding 
and the program should proceed to the build file routine. 

ADD. ES;4, 1 Add 1 to the contents of register l. 
Register Twill be used an an” index 
to Step to “the *wext word in ‘the pulse 
train file: 

BDR®*RK, 10,2, 8 Load ‘revister 10 with “the “contents of 
the address formed by adding the con- 
tents of registers 1 and 8. 

BRCS N,BUILD Branch to the beginning of the build 
file routine if Che “contents of 
register 10 are negative. 

9. TIME SINCE LAST PULSE LARGE? ‘The UPDATE routine 
now calculates data to be used to update the pulse train 
filé. This first operation requires the return of the next 
two words of the pulse train file which contain the time 
eiat «the bast update occurred’ ihe ditterence between the 
last update time and the current pulse time of arrival con- 


tained in registers 3 and 4 is used to determine whether the 
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PRI will be updated or SPR calculated, The test used is 


whether the upper half of the double precision difference 


of the two times of arrival is zero. This results in the 


algorithm considering all time intervals greater than 0.8 


seconds as SPR and all intervals less than 0.8 seconds as 


PRI. 
UPDATE ADD IS,1,1 
LDR RK 11,7, 8 
ADD? 1S 5153 
Al ea Ee: 
LDR R,6,2 
LDR, Ri Toned 


DSUB_ R,6,11 


Step 


the indexing register to fetch 


the next word 


Load 
into 
Step 
Load 
into 


Load 


the lower half of the time word 
Leap ister LL 

the index register again 

the upper half of the time word 
reps tem, 2 


the contents of register 2 into 


regrs ter 6 


Load 


the contents of register 3 into 


TEVISten si. pMiesSe two, uns bruct ions 


copy 


into 


the double precision new time 


registers 6 and 7 so that the 


actual time value is retained in 


registers 2 and 3 


Double precision subtract the contents 


of registers 11 and 12 from the contents 


of registers 6 and 7 and place the 


results in registers 6 and 7. 
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BRCS N,TOP If the result is negative, disregard 
this pulse by going to the beginning 
toryget tthe mext pulse 

BRCS NZ,SPR If the upper half of the double 
precision difference is not zero, 
branch to the SPR calculation routine. 

LDUB R,135,6 Load the upper byte of register 6 into 
register’ 13, 

CMP £S}13316 Compare the contents of register 13 
with the magnitude 16. If the con- 
tents of register 13 is greater than 
16, the time interval between pulses 
is greater than 52.4 milliseconds. 

PRES 2, SPR If the time interval is greater than 
52.6 milliseconds, go calculate’ SPR. 

10. UPDATE PRI,PW AND TIME. PRI and PW are updated 

by determining the relative size of the new value and the 
oid-S Tf the new value)is, greater, than’ the,old,.1l.is added 
to the old and vice:versa. If there, is,no difference, no 
change is made. The time is simply loaded into registers 
11 and 12. On completion of this step, the four updated 
pulse train file words are contained in registers 9 through 
TA 

SUB R,6,10 Subtract the contents of register 10 
from the contents of register 6 and 


pisses theyresuit tne register, 6. 
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BRCS P,INCR 


BRCS N,DECR 


SLORE* LDR R,11,2 


ED 125.5 


SUB R,4,9 


BRCS P,INCP 


BRCS N,DECP 


If the difference is greater than 
zero, the new time difference is 
larger. Branch to the INCRease routine 
which will add one to the old PRI. 

If the difference is less than zero, 
the new time difference is smaller. 
Branch to the DECRease routine which 
will subtract one from the old PRI. 
Load the new time located in register 
2 nto xresaster, 11 

Load the upper half of the new time 
located in register, 3. into, regaster. 12. 
Subtract, the contents. of. register, 9 
from the contents of register 4 and 
place the results, in register, A...This 
subtracts the old pulse width from the 
new pulse width 

If the result. is positive,, the. new 
pulse width ise greater... Branch; to the 
increase pulse width routine (INCP) 
which will add 1 to the old pulse 
width. 

If the result is. negative,,the new 
pulse width. is,smadler, -.Branch, tothe 
decrease pulse width routine (DECP) 
which will subtract 1 from the old 


pulse width. 
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11. STORE UPDATED DATA. The four updated file words 
are placed in memory using a stack instruction. After the 
stack operation, the program branches unconditionally to the 
beginning to get the next pulse. 

STACK STK DR,8,4 Store the next four registers (9-12) 
into memory locations beginning with 
the address contained in register '6:. 
Add 4 to the contents of register 8 
on completion. 
BRCS U,TOP Unconditionally branch to the beginning 
(TOP) ste tget the mext pulse. 

12. START FILE. ofherstartnti be routine (STARL) iis 
entered when the frequency file word is zero indicating that 
no pulse train file exists ‘for,»the frequency detected. It 
is also entered after linking information has been prepared 
when the first file wassanot the)lcorréect oney \The)routine 
searches for the next empty pulse train file and then enters 
‘linking information into the frequency and contact files. 
The data is then loaded into the first entry location with 
-16 stored in the PRI word indicating one pulse for this 
file has been received, «The» location NEXTF is:used to 
point to the last file activated so that the files are 
activated in sequence. A mask is used so that the values 
in NEXTF will always be modulus 64. Files are cleared by 
the main classification computer. 


SrARL LDR 1,13,-195 ¢Loademeédulon 64) mask: into’ register, 13 
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LDR D,6,NEXTF 


ANOT ADD IS,6,2 


AND R,6,13 


EDR... DX, 8, [FILE $6 


BRCS NZ,ANOT 


STR D,6,NEXTF 


STR DX,5,TFILE, 6 


Load the contents of location NEXTF 

meo reprster 6 

Register 6 contains the last file 

used. Add 2 to get the address of 

the ‘next frie: entry. 

Form the logical product of the contents 
of ‘registers ‘6 “and I3 and place the 
FESULES “aii register @. ° “Fhe ‘contents 

of register 6 are now modulo 64. 

Load in register 8 the contents of 
the location whose address is the sum 
of TEILE ‘and 'reerster Gs “Thats 1s the 
address of the frequency associated 
Nati the Nexe pulse train fale. % 

If the frequency value is not zero, 
branch to location ANOT which is the 
instruction to increment NEXTF. 

Store the contents of register 6 in 
location NEXT: “This stores” the 
pointer value for the pulse train file 
which is now being activated. 

Store the contents of register 5 in 
the location whose address is the sum 
of TILE" and register 6. >* This” speci-+ 
fies the’ frequency of the pulse train 
file and also indicates that the file 


is busy. 
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ADD 


LSSoye 


Add one to the contents of register 6. 


LDR DX,8,TFILE,6 Load register 8 with the contents of 


STR 


DX,6,EFILE,7 


LDR RL9,4 
EDR VLS» 1.0), ~16 
LDR R, 11,2 
EDR R542,5 
STK DR,8,4 
BRCS U,TOP 


the location whose address is the sum 

of TFILE and register 6. This is 

the second word of the contact file 

entry and is the actual address of the 

first word of the pulse train file. 
Store i the contents; of register’ 6-4an 

the location whose address is the sum 

of) EFILE,» and« register, 7... This) sets) the 

link between the frequency word and 

the) pulse’ train!) file: entry address. 

Load register 9 with the contents of 

register 4 (pulse width). 

Load register 10 with the number -16 

(pulse counter) 

Load register 11 with the contents of 

register 2 (time, lower half) 

Load register 12 with the contents of 

register 3. (time upper half). The 

pulse data is contained in registers 

9 through 12. 

Store the contents of registers 9 

through 12 in memory locations beginning 

with the address contained in register 8. 

Branch unconditionally to the beginning 


(TOP ): to) get! ithe next: pulse. 
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13. WRONG FILE. The routine NTRY is entered when the 
pulse width of the previous pulse train file was not within 
Jymits.’ This routine establishes linking to the next pulse 
train file by taking the upper half of the frequency file 
word and placing it into register 7 and branching to FLINK 
if @ file exists or branching to routine’ STAR2 if another 
file has not been started. FLINK is the execution step 
that enters the frequency file. The content’s of register 7 
week mow be the overtlow’ location in’ the®>file.-“STARZ esta- 
blishes the” initial linking’ for establishing multiple files 
for the same frequency. 

NTRY LDUB R,14,6 Load register 14 with the upper byte 
of the contents of register 6. | 
BRCS Z,STAR2 Le-the upper byte of resister 6 was 
zero, another pulse train file has 
not been established for this frequency. 
Branch ‘to STAR’ 2-and\ establish” one. 

LDR R,/7, 14 Load register 7 with the contents of 
register 14. 

BRCS U.FLINK Unconditionally branch to FLINK. FLINK 
LS ine Location of the FIND CONTACT 
Mibn NR sequence. 

14. START FILE (2) The routine STAR2 is entered when 
two or more files are established for one frequency. On 
entry, the lower byte of register 6 always contains the 
relative address of the last frequency file accessed and 


the upper byte is always zero indicating that there are no 
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more files in the chain. STARZ. sets the upper half of this 
entry word equal to the address of the next entry for this 
frequency and stores it in the word's proper location. 
STAR2 then branches to routine STAR1 which finds the next 
empty pulse train file. 

LDR D,14,OFLOW Load register 14 with the contents .of 
location OFLOW. OFLOW contains the 
relative address of the next available 
frequency file overflow location. 

XCHE R13, 14 Load register 13 with the contents of 
register 14 with the bytes exchanged. 
This places the overflow location 
relative address in the upper byte of 
reors ter 14. 

ADD Ri Gig. 3 Add the contents of register 13 to the 
contents, of, register, 6 .and place the 
results in register 6. This assembles 
a word in register 6 which consists of 
two separate bytes. The lower byte 
is the relative address of the frequency 
file entry that lead to the incorrect 
pulse, train ;file. <The upper ,byte .is 
the: relative, addness .cf, ‘the frequency 
file entry which will lead to the 
correct pulse <craimifile,-for the pulse 


width of the current pulse. 
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STR mi sosgeriue,? store the contents of repister 6 
in the location whose address is the 
sum of EFILE and register 7. 

EUR? Ry, 4 Put proper relative address into 
TELIster 7 

ADD “"IS,14,1 Add ‘one to the contents of register 14 

ain DU, ,UrlLOw “Store the contents of reprster 14 in 
location OFLOW. “The contents of OFLOW 
now point to the next available over- 
flow location. 

BRCS U,STARI1 Unconditionally branch to STAR1 where 
the next pulse trdin £ile will be 
activated. 

15. ENOUGH PULSES TO CALCULATE PRI? Routine BUILD is 
entered when it has been determined that the PRI word of a 
pulse train file is less ‘than zero “indicating the file is 
still building. The number one is added to the negative 
pulse counter and it is tested. If the counter is now zero, 
the current pulse is the last one needed to calculate the 
PRI and the program branches to the calculate PRI routine 
Peni}. Lf the counter is still negative, the ‘program then 
continues to add the pulse data to the pulse train file. 

ADD ® T5101 Add Ito the ‘contents of register 10. 

BRCS: Z PRI If the counter is now zero, branch 
tO the caleulate ent routine CFR). 

Pe2. su UNFORMATION TO THE DATA “SET.” The pulse counter 


ZS Stored. The proper location of the current pulse data 
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63, 


is determined by adding 16 to the pulse counter value. The 


result is the number of the pulse in the current pulse 


train. 


This number is then multiplied by 4 (shifted left 


2 bits) to determine the address of the first data word 


relative to the start of the file. The data is then stored 


after checking to ensure it is. valid.data. 


STR Bx, 10,8, 1 


ADD 


SHS 


ADD 


LDR 


13,420 ,16 


be Lo. 2 


R,8,10 


Store the contents of register 10 in 
the location whose address is the sum 
of pepisters 8 and 1. Register & 
contams the address of the first loca- 
L100, of therpulse. train, fsle.| Régaster 
1 contains, the .number.d. -The,pulse 
counter is stored in the second word 

of the file. 

Add 16 to the contents of register 10. 
The result is the number of the slot 
for .the,.current pulse ,data. 

Shift the contents of register 10 left 
two Bits... bhauswmultiplies the contents 
of registers? .by »4. 

Add the contents of register 10 to the 
contents of register 8 and place the 
results, in register 8. This forms the 
actual address of the first word of the 
Locatians, fox, the, current pulse. 

Load register 5 with the contents of 


register 8. 
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ADD" 1S, 5,~2 


LDRM DR,5S,2 
3) aa ie 
LOR -R,12:5 


DSUB R,2,6 


BRCS N,TOP 


BRCS Z,GOOD 


Subtract 2 from the contents of 

register 5. This forms the address 

of the time of arrival of the previous 
pulse of the current pulse train. 

Load registers 6 and 7 with the contents 
of two adjacent locations whose addresses 
start at »thevcontents, of register .5. 
Load register 11 with the contents of 
register s2Z2 

Load register 12 with the contents of 
register’ 3. The time of arrival of 

the current) pulse-hassbeen.copied.anto 
registers: ll. and 12. 

Double precision subtract the contents 
of registers 6 and 7 from the contents 
of registers 2 and 3 and place the 
results? in PegiustersyiZ and).3.<¢¢ihis 

puts the time interval between pulses 
imG@egusterns 27 and 3. 

If the time difference is negative, 
branch to the beginning disregarding 

the ‘current’ pulse. 

If ‘the upper half of the time difference 
is zero, the time is considered a PRI 
and ‘the mextrinstruction is not 


executed. 
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EDR: *ES 2,0 Load register 2 with the number 0. 
Tits wit ‘cause “zero to be stored for 
the interval between pulses. 

GOOD LDR R20, 2 Load the single precision value of 
the interval between pulses into 
register 10 from register 2. 

LDR R,9,4 Load register 9 with the contents of 
register 4 (pulse width). The contents 
or registers 9-12 is now the data 
associated with the current pulse. 

srk DR,8,4 Store the contents of registers 9-12 
in locations whose addresses start with 
the contents of register 8. Add 4 to 
the contents of register 8. 

BRCS U,TOP Unconditionally branch to the beginning 
(TOP) to get the next pulse. 

17. CALCULATE AVERAGE PRI AND PW. When the seventeenth 

pulse of a pulse train file is received the program enters 
PRI which calculates the average PRI and pulse width of the 
pulse train file. The time interval between the last two 
pulses is calculated and then all sixteen intervals and the 
last Sixteén pulse widths are added. The program then 
branches to PEND where the sums are divided by 16 to form 
the average. 

PoE LDR 15,1,-15 Load register i°with the number 15. 


This is used as a counter 
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LP2 


ADD 


RET 


LDR 


LDR 


IS,8,64 


DSUB_ R,6,11 


BRCS N,TOP 


LDR 
LDR 


e000 
R,12,6 


ADD R,4,9 


Add 64 to the contents of register 8. 
Register 8 now contains the required 
address for the RETURN instruction to 
return, the, last. pulse train file data 
set. 

Load registers 9-12 with the last data 
set. 

Load “register” 6 with the»contents of 
register, 2. 

Load register 7 with the contents of 
register 3. The time of arrival of 
the current pulse is copied into regis- 
tersu6 and 7. 

Double precision subtract the contents 
of registers 11 and 12 from the contents 
of resisters 6.and.7.. The last. time 
interval aS .centained in registers 6 
and. 7. 

Ii the time difference is negative, 
disregard this pulse. 

Logd_ 0 into ‘register ll. 

Set PRI, standard. 

Add the contents of register 9 to the 
eontents, of repister,.4 and, place.the 
Simi am repister 45, .This, accumulates 


the sum of the pulse widths. 
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DADD R,6,10 Double precision add the contents of 
registers 10 and 11 to the contents 
of. registers 6 and 7. 

AOD SES a Add dtto the contents of register 1. 
Thasy Steps: they coumter. 

BRCS Z,PEND ifs thet counter is zero, all pulse data 
has been summed. Branch to the divide 
routine (PEND). 

ADDS 105,18) =2 Set address for the next data set. 

RED DR, 0 5\2 Return the pulse width and the time 
interval from the previous data set. 

SUBS Rs 16, U2 Find the difference between this time 
interval and the PRI standard. 

BRCS. P,LP3 If the difference is positive, test 
the, result sf ats LPS}. 

CMP -1S,10,-4 Compare» the difiference,-when negative, 
with the magnitude -4. 

BRCS N,NG If the difference is less than -4, 
go throw the pulse out. 

ADD RZ 10,12 Restore the time interval value in 


register 10. 


BRCS U,LP2 Unconditionally branch to LP2 to sum 
the data. 
LPSTCMP «1S, 16:4 If the difference between the time 


intervaland the PRI: standard, is! posi- 
tive,o compare the difference to the 


magnitude 4. 
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BRCS_ P,NG iE theidifference (is; igreater -than.,4, 
go throw the pulse out. 
ADD R,10,12 Restore the time interval value in 


register tho. 


BRCS YAU, LP 2 Unconditionally branch to LP2 to sum 
the data. 
NG. BDReYR, 10,12 Replace the time interval with the 


value of the PRI standard. 
BRCS U,LP2 Unconditionally branch to LP2 and sum 
the data. 
PEND SHD RA,6,4 Double precision shift right regis- 
ters 6 and 7 4 bits (divide by 16). 
SHS RA,4,4 Shift register 4 right 4 bits to 
divide by 16. 


REL DRE SZ Return the first time of arrival in 


thes fave 

ADD LS. 8,2 Set the address for the second data 
block. 

LDR Sa Seda 0 Loa i0e into meouster: Ide. 

LORE 1S )1250 Load) 0\into: nepaster? 12. 

STK,DR,8,4 Store the contents of registers 9-12 


in locations whose addresses start 
with the contents of Tesgist ex, 8...) Thus 
stores: the times required to calculate 
SPR and sets the initial value of 


SPRctat Os 
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LDR R,9,4 Load register 9 with the contents of 
register 4. 

LDR R,10,6 Load register 10 with the contents of 
register ©. 

LDR R, it ,2 Load register 11 with the contents of 
recister “Z. 

EDR -R,12,3 Load register 12 with the contents of 
register 3. The entire data set is 
loaded into registers 9-12. 

ADD. £S,'8,-8 Set the address of the first data block 
of this pilse train. 

STK DR,8,4 Store the contents of registers 9-12 
in locations whose addresses start with 


4 


de osyietaor 0 AAA A +A 
Pelee ts cer, ore Aad + 0 


Ene CONtENtS © 
the contents of register 8. 

BRCE U,TOP Branch to the beginning to get the next 

pulse. 

18. CALCULATE SPR AND UPDATE TIME. Routine SPR is 
entered when a large time difference is noted between the 
current pulse and the previous pulse of a closed pulse 
train file. The time that the last sequential group of 
pulses arrived is accessed and subtracted from the current 
time to determine the antenna scan time. The current time 
and the SPR are stored in the file. 

SPR ADD IS,1,1 Increment address pointer. 
EUR - BX, 11,8,1 Load register 11 with the contents of 


the location whose address is the sum 
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of. Fepister 8 and repister 1, This 2s 
the start of the time that the last 
antenna scan was received. 
ADD" 18,15, 1 Load second half of this time word 
AIDES, RGR IL ZAR toys inte resister 12. 


LDR «)R,'65,2 Move the new time of arrival into 
EUR vy? 55 working registers. 
DPSUB **Ry6 k1 Double precision subtract the contents 


of registers 11 and 12 from the contents 


OL. Tegisters © ald /. Invs vs the oPR 


value. 
LOR £5,154 Set the address pointer 
sre ORR 2 als 8 Store the new time of arrival 


ADD, 15,11 

ole, -BX,3,1,8 

ADD TSelyi 

SiR RA, (61, 1,.8 Store the value of the SPR 

ADD. £51, 4 

Se: RX, 751,65 

BRCS U,STORE Unconditionally branch to STORE and 


finish updating the pulse information. 
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APPENDIX E 


DATA SIMULATION PROGRAM GLOSSARY OF VARIABLES AND 


FORTRAN LISTING 


DATA SIMULATION 


ANG(I,J) 


ANT (1I,J0 


BIN 
BEAM 
BNG(I) 
BNGI 


BW(I,J) 


CON1 


CON2 


CSEI 
CSEO 
D1 
D2 


PROGRAM GLOSSARY OF VARIABLES 


True pointing angle of the antenna on the Jth 
emitter on the Ith platform 

Antenna scan rate of the Jth emitter on the 
Ith platform 

IFM frequency bin size 

Input value of antenna beam width 

True bearing of the [th platform 

Computation value of BNG(I) 

Antenna beam attenuation factor of the Jth 
emitter on the Ith platform 

Conversion factor used in converting from 
antenna beam width in degrees to the 

antenna attenuation factor 

Conversion factor used in converting from 
transmitter peak power to transmitter total 
effective radiated power 

Input value of the course of the Ith platform 
Input value of the course of the IFM 

Distance to CPA 

Distance to the maximum range at which an 


emitter can be detected 
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i$6b of A859 WesT ines 


DEGR 


’ DEL 


F(I,J) 
FMAX 
FMIN 
FREQ 


FSCALE 


GAIN 
ICT 


IF (EJ) 


INEXT (L) 


IPRI(I,J) 


tPT GE) 


Conversion factor to convert angles in 
degrees to angles in radians 

Time after the start of the simulation that 
am emitters first pulse is transmitted or 
that an emitter is within its maximum de- 
tection range 

Transmitted frequency of the Jth emitter on 
the Ith platform 

Maximum receive frequency of the IFM 
Minimum receive frequency of the IFM 

Input value of the operating frequency of 


an emitter 


Conversion factor for converting from Mega 


lind tsp to.unasts 

Input value of antenna gain 

Counter for number of pulses received by 
the IFM 

Selector for the desired type of frequency 
variation 

Platform subscript of the second or more 
pulses when more than one pulse is received 
simultaneously by the IFM 

Selector for the desired ;type of PRI 
variation 

Selector for the desired type of output 


power variation 
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IPW(I,J) 


ISCAN (I,J) 


ITEMP 


JNEXT (L) 


JTEMP 


NBIN 


NGAUS 


NMTR (I) 
NOUT (K) 


NPW 


NTIME 


NTIME1 


NTIME2 


Selector for the desired type of pulse width 
variation 
Selector for the desired type of scan rate 
variation 

Platform subscript of the current pulse 
Tecelved by the IEM 

Enitter “subscript used for multiply received 
pulses 

Emitter subscript of the current- puitse 
received by the TPM 

Bin number of the frequency of the received 
pulse 

Number of frequency bins in the bandwidth 
of the IFM 

Integer calling argument for the Gaussian 
Distribution Random Number Generator 

Number of emitters on the Ith platform 
Array used to prepare output data for the 
ATAC Simulator 

Integer representation of pulse width as 
required by the ATAC Simulator 

Integer representation of simulation time 
Lower half tor the doublve precision time 
Value required by the ATAC Simulator 

Upper half of the double precision time 


value required by the ATAC Simulator 
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NUNI 


PI 
PI2 
POWER(I,J) 


POWIJ 
PRECI, J) 
PRIN 
PSCALE 


RCVBNG 
RCVR 
RECSIG 
RCSE 
RDEG 


RMAX 


SCAN 


Integer calling argument for the Uniform 
Distribution Random Number Generator 
3.1415926 

PLZ 

Total effective transmitted power of the Jth 
emitter on the Ith platform 

Calculation value of POWER(I,J) 

PRY OL the Jt emitter On the 1th plac arm 
Input value of PRI 

Conversion factor for converting from milli 
units to units 

Input value of transmitter power 
Calculation valuctot PW(I,J) 

Pulse width of the Jth emitter on the ith 
platform 

Range of the Ith platform 

Bearing from which the current pulse arrived 
Frequency of the received pulse 

Signal level of the received pulse 

Direction of Relative /Motion 

Conversion factor for converting angles in 
Tadians to angles in odegrees 

Maximum range at which an emitter can be 
detected 

Subroutine that calcualtes an antenna true 
pointing angle and its gain in the direction 


of the 7PM 
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SCNMIN 


SEND (I,J) 


SIGFRQ(I,J) 
SPDI 

SPDO 

LF 

THETAI 
THRESH 
TINT 


TNEXT (I,J) 


TO 


TOP 


TSCALE 


TSKTS 


spy 


TWOPI 


UPDATE 


VL 


The minimum value of antenna gain for which 
an emitter can be detected by the IFM 

Time of transmission of a pulse from the 
Jth emitter on the Ith platform 

Frequency of the transmitted pulse 

Input speed of the Ith platform 

Input speed of the IFM 

Simulation stop time 

Bearing of the CPA of the Ith platform 
Threshhold sensitivity of the IFM 

Minimum time measurement capability of the 
system utilizing the IFM 

Time of arrival at the IFM of the next 
pulse transmitted by £he Jth enitter on the 
lth platform 

Simulation start time 

Time required for the propogation of a 
pulse from an emitter to the IFM 
Conversion factor for converting from Kilo 
units fo. units 

Conversion factor for converting from knots 
to yards per second 

Calculation value of TNEXT(I,J) 

Z* PI 

Subroutine that calculates the time of 
arrival of the next pulse from an emitter 


Velocity of Light 
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VTI 
VX (TI) 


VYO 
WSCALE 


X(T) 
XI 
XO 
Y(1) 
YDS 


YI 
YO 
Z(1) 
ZI 
Z0 


Total\relative: velocity of the Ith platform 
Relative velocity of the Ith platform in 
the X direction 

Calculation value of VX(1) 

Velocity of ‘the [FM in the X direction 
Relative velocity of the Ith platform in the 
Y direction 

Calculation value of VY(I) 

Velocity of jthe IFM in the Y direction 
Conversion factor for converting from micro 
WNLES: torunets 

Relative X position of the Ith platform 
Input X position of the Ith platform 

Input X position of the IFM 
Relative Y position of the Ith platform 
Conversion factor for converting knots to 
yards per second 

Input Y position of the Ith platform 

Input Y position of the IFM 

Relative Z position of the Ith platform 
input Z position Gf the 1th platform 


Input Z position of the IFM 
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DATA SIMULATION PROGRAM DATA DECK SETUP 


i the data deck for use of the DSP is segregated into 
four basic parts. 

a. (Three cards) IFM Platform Information 

Db... (One card) Emitter Platform Information 


es G@lwa- cards) Emitter Information 


(Up to five emitters) 


b. (One -card) Emitter Platform Information 


ce; two cards) Emitter Information 


(Up to ten platforms) 
d.» (One. card) End of data card with any negative 
number in columns 21-30 
Pwetaertoriat tor each required card 1s. shown below. 
a. FM Platform Information 
Card Columns Format Variable Units 
1 a wee 110 NUNI Odd. Integer 


Right Justified 


Li-Z20 T10 NGAUS Odd Integer 
Right Justified 

21=30 PLC. 0 VL 10° YDS/SEC 

5L=40 FEO. TO Seconds 

41-50 FIo'. 0 TF Seconds 

a1 60 BPO. 0 TINT Microseconds 

61-70 F050 THRESH dbm 
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22 


Card 


Card 


FLY.0 
FLO.O 
FLO.0 
PLO.0 


FIO; 
F10.0 
FLO.0 


110 


XO 
YO 
ZO 
CSEO 


SPDO 
FMAX 
FMIN 
NBIN 


Emitter Platform Information 


Columns 
igi 

LE-20 

21-730 


31-40 


41-50 
Ste 5) 


Format 
F10.0 
F10.0 
FLO20 


FLO.0 


F10.0 
ti 


Emitter Information 


Columns 


Format 
F10..0 
F10.0 
F10.0 
F10.0 


B020 


100 


Variable 


XI 
Ya 
ZI 


CSEI 


SPDI 
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d. End of data card 


Columns 21-30 Any negative number 


3. The program listed herein does not include coding for 
use of the parameter variations. This feature can easily 
be added by using utility subroutines GAUS and RANDU or 
any other random number generation scheme. 

a.) Ihe program listed herein contains coding for only two 
types of antenna scan--circular and steady. Coding for 
additional types was being prepared when it was determined 
what the run times for the ATAC Simulations were going to 
be. As the simulations take very long periods to run on 
modest data sets, the addition of the additional features 
was delayed. Coding to add additional scan types can be 
readily accomplished. 

5S. The units of the input variables were selected so that 
values could be coded without the need for using the 
exponential format. It is felt that this feature will help 


reduce data deck format errors by allowing the input data 
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